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PREFACE
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Chapter 1

INTRODUCTION

ARFA OF INTEREST. This study--the fourth of four
volumes that cover the entire "SWANEA™ (Southwest
Asta-Northeast — Africa)  region  shown  in - Figure
I-I--describes  the  peography.  climatology  and
meicorology of the Mediterrancan Coast and Northeast
Afnica. The Medilerrancan Coast compriscs the coastal
regions of Turkey, Syria, Jordan, Isracl, Lebanon, and

northern Africa. The Northeast Africa portion comprises
Libya, Egypt., Chad, Sudan, and a small scction of
Ethiopia. The study region has been further divided into
five zones of "climatic commonality” (the Turkish Coast,
the Lastern Mcditerrancan Coast, the Notth African
Coast, the Eastern Sahara, and Southern Chad/Sudan), as
shown in Figure 1-2, next page.

Figure 1-1. The Southwest Asin-Novtheast Africa (SWANEA) Region.  The shaded arcas mark the

Northeast Africa/Medierrancan Coast study region,
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GEOGRAPHY. The Mediterrancan Coast comprises all
of israel and Lebanon, and part of Jordan: it includes the
coasts ol northern Africa and the coastal areas (avcraging
about 20 NM wide) that run from the Tunisia-Libya
border to northwestern Turkey near 40° N, 29° £, Also
included are inland portions of western Turkey below

3,280 feet (1,000 mcters) between 37° and 41° N where
strong marine characteristics arc present; average widlh
of this section is 150 NM. Northcast Alrica, a imostly
barren and arid region, includes Libya, Egypt, Chad, and
Sudan. Figure 1-3 shows the topography and main
geographical featusres of the entire study area.
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Figure 1-3. Topography of the Mediterranean Cosst and Northeast Africa.

1-3




Moisture availability is the most imporant climatic
clement in this region. The extreme aridity in most
places (notably the Sahara, Negev, Sinai, and Libyan
Dcserts) contrasts with the Turkish coast, where lakes,
ponds, and permanent rivers abound.

The Egyptian Nile Delta and the jordan Rift Valley in
Isracl and Jordan are unique features, The Nile Delwais a
vast alluvial flood plain (11,310 sq NM) with extensive
irrigation canals. The Jordan Rift Valley forms the
nortiern end of the Great Rift System of Africa. The
Jordan River cuts a valley 5-12 NM wide and slopes
southward to the Dead Sea, which is 1,292 feet (396
meters) below mean sea level,

Several mountain ranges parallel the Mediterranean
Sea; their windward slopes are the weitest places in the
region. The Taurus Mountains {with peaks over 13,000
fect/3,963 meters) back the Turkish coastline. The
Lebanon Ranges (with elevations up to 10,000 feet/3,050
meters) MSL eatend along the castern Mediterranean
coast: the Akhdar and Nafusah Mountains in Libya lie
along the southern Mediterraican coast.

The Sahara is Northeast Afric.’, most prominent
geographical feature, comprising 70% of its land surface
(about 4.7 million sq NM). Only 20% of the Sahara,
however, is true sand desert; the rest is rocky stubble
eroded by persistent winds and infrequent rainfall. The
Sahata includes elevated plains between 600 and 1,200
feet (183-366 meters) MSL, lowlands (with oases), and
depressions, ihe largest of which is the Qatiara
Depression in northwestern Egypt; it covers about 7,200
square NM and is 436 feet (133 meteis) below sca level.
"Inselbergs” are isolated, sicep-sided hills and rocky
outcrops that rise above the dcsert floor at scattered
locations throughout the Sahara. The highest of these
reaches 6,345 feet (1,934 meters) MSL, but many are
less than 100 feet (33 raeters) high.

Several prominent mountain ranges in Chad and
Sudan (the Tibesti in northcrn Chad and (he Marrah in
southwestern Sudun) rise above 10,000 feet (3,050
meters) MSL.,

STUDY CONTENT. Chapter 2 provides a detailed
discussion of the major climatic controls that affect the
Mcditerrancan  Coast and  Northeast Africa. These
controls range from the macroscale ("semipermanent
climatic couuols”), through the synoptic (“synoptic
disturbances™), to the mesoscale.  The indiviaual

treauments of each climatic subregion in subscquent
chapters Jdo not include repeated descriptions of these
phenomena, but provide specifics unique to the
individual subregion by focusing on sacan distributions
and local anomalies of sky cover, visibility, winds,
precipitation, and temperature. Meteorologists using this
study should read and consider the genera! discussion in
Chapter 2 before wying to understand or apply the
individual climatic zone discussions in Chapters 3-7.
This is particularly important because the study was
designed first as a master reference to the entirc region,
and second as a modular reference 10 its subrcgions.
Chapters 3-7 discuss "sitnation and relief” and "gencral
weather” for each of the five subregions, by season.

The Turkish Coast (Chapter 3) includes those portions
of western and southern Turkey where elevations reach
the top of the marire boundary layer (3,280 feet/1,000
meters MSL). The Mediterranean and Aegean Seas
provide moisture for frontal systems moving through this
subregion. The storm track shifts north in the summcr,
allow ing the sca breeze to dominate.

The Eastern Mediterranean Coast (Chapter 4) extends
from Syria south to the Suez Canal. This subregion’s
precipitation maximum is in winter due to cyclonic
activity that develops in the Mediterranean Sea. The sea
brecze is a factor, particularly in summer, but subsidence
aioft usuaily caps cloud development and minimizes
precipitation.

The North African Coast (Chapter 5) extends from the
Sucz Canal to the Libya-Tunisia border. Most
precipitation occurs in  winter because of cyclonic
activity. The sca breeze can advect some moisture
snland, but the limited rainfall is not enough to change
this subregion’s desert environment.

The Eastern Sahara (Chapter 6) includes most of Libya
and Egypt, as well as those portions of Chad and Sudan
north of 16° N. The climate is dry year-round. Cyclonic
activity usually only results in a wind shilt, some
cloudiness, and duststorms. The Mediterrancan Sea is
the only moisture source. The Nile River is in the
eastern portion of the subregion.

Southern Chad/Sudan (Chapter 7) includes those
portions of Chad and Sudan that lie south of 16° N. This
is the only subregion that has "wel" and "dry" seasons.
The summer wel season is produced by the Monsoon
Trough.




CLIMATOLOGICAL REGIMES. The Meditcrrancan
Coast secs mainly mid-latituue weather with migratory
high pressure cells, cyclonic activity, and poiar air
surges, Land/sca breezes arc an imporiant factor closc o
shorelines. The traditional four scasons (winter, spring,
summicr, fall) are found here.

Northeast Alrica is dominated by large deserts. The
Eastern Sahara subregion is in the subtropics; climate is
primarily affected by Meditetrancan weather, including
migratory high pressure cclls, cyclonic activity, and polar
air surges. There is seldom enough moisiure, however,
to produce precipitation.

South of 16° N, Northeast Africa is dominated by
scasonal wind revessals that produce ‘vet and dry
scasons.

The climate between 11° and 16° N is that of a
semidesert siepne; the weather is more tropical than
Mcditcrrancan. Because of this, phenomena such as the
Monsoon Trough and squalt lines will be stressed.

CONVENTIGNS. The spellings of cities and
geographical features are those used by the United States
Dcfensc Mapping And Acrospace Center (DMAAC), but
expect wide variations in the English spelling of many
place names in North Africa. Distances arc in nautical
miles (NMj}, except for visibilitics which arc given in
statute miles. Ceilings and cloud bases are in feet/meiers
above ground level (ACL)*, but cloud tops are above
mcan sca level (MSL). Elevations are in feel with a
meter  or  kilometer (km) equivalent immcdiately
following. Temperatures are in Fahrenheit (F) with a
Celsius (C) conversion following. Wind spceds arc in
krots (kt). Precipitation amounts are in inches with a
millimeicr (mm) conversion following. Most synoptic
chart times arc given in Greenwich Mcan Tiine (GMT or
7). When synoptic charts are not provided, only local
standard time (1.ST) is uscd.

*NOTE: The AGL cloud bascs given in this study arc
generalized over large areas. Rcaders must consider
terrain in applying thcse generalized values,  For
cxample, the AGL cloud bascs of the Marrah Mountains
are generally representative of valley reporting stidions,
but not of locations in surrounding mountains, where
ceilings and cloud bases would be lower, and where, in
fact, many locations would be obscured.

DATA SOURCES. Most of the information used in
preparing this study came from two sources, both within
the United States Air Force Environmental Technical
Applications Center (USAFETAC). Studies, books,
atlascs, and so on were supplied, with rare exceptions, by
the Air Weather Service Techinical Library, or AWSTL,
which is the only dedicated atmospheric sciences library
in the Department of Defense and the largest such library
in the United States. Climatological data came dircct
from the Air Weather Service Climatic Database or
through Operating Location A, USAFETAC--the branch
of USAFETAC responsible for maintaining and
managing this database.

RELATED REFERENCES. This study, whilc more
than ordinarily comprehensive, is certainly not the only
source of meteorological and climatological information
for the military meteorologist concemed with the
Mediterranean  Coast and  Northeast  Africa.
USAFETAC’s Rcadiness Support Section (ECR)
occasionally prepares special narrative climatologies for
smaller arcas or points within this region; contact ECR
directly for information on such studies.  Station
Ciimatic Summaries for Africa and Asia provide
summarized observational data for many stations in the
study region. Staff weather officers and forccasters arc
urged to contact the Air Weather Service Tehcenical
Library for as much data cr the region as is currently
available,



Chapter 2

MAJOR METEOROLOGICAL FEATURES
OF THE MEDITERRANEAN COAST AND NORTHEAST AFRICA

The "major meteorological features” of the Mediterranean Coast and Northeast Africa are listed below as they
appear and are described in this chapter. Thesc features affect the weather and climate of the region during pact or
all of the year. The same features may be discussed in more detail in subsequent chapters as they relate to individual
subregions of the study area.
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SEMIPERMANENT CLIMATIC CONTROLS ‘

SEA SURFACE TEMPERATURES (SSTs). The and castern portions of the Mediterrmcan Sea are
Mediterranean and Aegean Seas strongly influence the  warmest, while the Aegean Sea is always coolest
climate of the coastal subregions by modifying Figures 2-1a-d give seasonal SSTs for these water
temperatures in the marine boundary layer. The southern  bodies.
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Figure 2-1a. Mean January Sez Surface Temperatures (F). January SSTs have a large temperature gradient,
particularly across the Acgean Sea. The cooler waters are the result of cold continental air masses moving over
them, as well as subsurface mixing in the Mediterranean Sea. Waier temperatures are 8-15° F (5-9° C) higher along
the sheltered southern Turkish coast. Mediterranean Sea SSTs are higher in the east; cold European polar air and
subsurface mixing have more of an effect on western areas.
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Figure 2-1b. Mean April Sea Surface Temperatures (F). General warming in spring produces a slight increase ’
in April SSTs. Warmer waler surfaces moderate polar air masses crossing the region.
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Figure 2-1c. Mean July Sea Surface Temperatures (F). By July, water temperatures peak throughout the basin.
The warmest water is along the eastern Mediterranean coast and Gulf of Sidra.
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Figure 2-1d. Mean October Sea Surface Temperatures (F). Fall SSTs 1emain high in the Mediterranean, but the
Aegcan Sca cools {aster.




THE AZORES HIGH helps regulate cyclonic activity
into the Mediterranean Sea basin and is an important pan
of the subtropical circulation pattern.  This semi-
permanent high-pressure cell’s mean position varies from
29°N, 29° W in January 10 37° N, 37° W in July. Mean
sea-level pressure varies from 1021 mb in January 10
1025 mb in July. The strength and position of the high
can channel mid-latilude systems into the area or form a
“blocking" pattern of swong ridging in the eastern
Atlantic Occan. Mean positions of the Azores High aze
shown in Figurcs 2-2a-d.

THE ICELANDIC LOW is a dominant surface feature
in the North Atlantic throughout the year. [t represents
the mean position of numerous migratory lows in the
vicinity of Iceland. The area is a good cyclogenesis
region due to the relatively warm North Atlantic waters
and the cold air from Greenland. Lows typically move
west to east and can become very intense. The pressure
gradient between the Icelandic Low and the Azores High
produces a broad field of westerlies over the Northeast
Atlantic, directing a constant stream of storms into
western Europe. Most of these lows track northeast into
the Norwegian Sea and occlude; however, sccondary
lows frequently form on the trailing cold front and move
along a southeastern track from the British Isles to the
Mediterranean Sea.

THE ASIATIC HIGH is a strong but very shallow
semipermanent high pressure system that dominates
much of the Asian continent from late September 1o late
April. It is produced primarily by radiational cooling.
Migratory Arctic air masses moving southward to central
Asia temporarily reinforce and imensily this high,
Centered over western Mongolia, its mean «central
pressurc is strongest in January (see Figure 2-2a) and
February. Vertical extent rarely exceeds 850 mh, The
Asiatic High may exceed 1,050 mb for 1-3 day periods;
highest recorded pressure is 1,083 mb.

The Asiatic High also plays a part in determining the
tracks of surface lows. Strong high pressure extending
into eastern Europe usually forces Mediterrancan lows
eastward or southeastward into the Middie East. When
the Asiatic High is weak and restricted o central Asia,
these lows track in the direction of upper-level fiow. The
Asiatic High provides a source of low-level cold air into
the Adriatic, Aegean, and eastern Mediterranean Seas.
Cold air enters these waters through mountain passes
along the Yugosiavian coast and across the Sea of
Marmara into the Aegean Sea, wherc it cnhances
cyclogencsis--sce Figure 2-3,

THE SAHARAN HIGH is the only mean, large-scale,
high pressure feature in the eastern Sahara during latc
fall, winter, and carly spring. It develops in Oclober or
November and dissipatcs by May, but ridging from the
Azores High extends into northeast Africa year-round
(see Figures 2-2a-d). This high is part of the subtropical
belt of high pressure and is of dynamic origin. Strong
radiative cooling enhances its surface strength. Its
day-to-day position and strength vary as deep polar
troughs enter northern Africa, particularly between
January and early April. The Saharan High generally
moves eastward ahead of the disturbance or disappears
entirely off the synopiic chart. It usually reforms at the
surface within 12-24 hours after a frontal passage.
Saharan High outflow is dry and cool, averaging 3-5
knots during lair weather periods.

Figures 2-2a and 2-2b show January and April
locations and mean sea-ievel pressures of the Saharan
High. The two features often produce an cxiensive
high-pressure ridge over northern Libya and west-central
Egypt. The Saharan High’s mean April position shifts
slightly eastward to 22° E due toincreased daytime
heating and the increase in cyclonic activity over the
Atlas Mountains.
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Figure 2-2a. Mean January Position of the Azores High, Icelandic Low, Asiatic High, and Saharan High.
From December to Februery, the Azores High extends eastward over the western Sahara, reinforcing mean westerly
surface flow into the region. Occasionally, a strengthening Azores High ridges northward over the coastal waters of
western Europe for 5 to 10 days. This allows the Polar Jet to slide southward along the north and cast side of the
Azores High into the north central Sahara, producing cold weather outbreaks in the Mediterranean region. The
Icelandic Low is usually below 1,000 mb in winter.
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Figure 2-2b. Mean April Position of the Azores High, Iceiandic Low, Asiatic High, and Saharan High. From
March o0 May, the Azores High moves slowly WNW to near 30° N, 32° W. Iis westerly spring migration away
from the African continent weakens the mean high-pressure ridge over North Africa. Cyclonic activity (and its main
storm track--see Storm Tracks) dips southward over the western Mediterranean Sea. Inicnse duststorms are common
as strong winds sweep across the dry Sahara (see Khamsin). In March and April, the Asian landmass warms
quickly, weakening support for the Asiatic High; mean pressure decreases to 1022 mb and shifts westward.
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Figure 2-2¢c. Mean July Position of the Azores High and Icelandic Low. From June to September, the Azores

High strengthens to a mean of 1025 mb and reaches its northernmost position near 37° N, 37° W. The High
effectively blocks cyclonic activity into the Mediterranean Sca basin by producing a strong ridge over western

Europe. Cyclonic activity can penetrate southward only when the ridge is weak and low pressure off' Iceland is ‘
strong. The Icelandic Low is much less prominent in summer, with central pressures averaging near 1010 mb.
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Figure 2-2d. Mean October Posiiion of the Azores High, Icelandic Low, and Asiatic High. In October, the ‘

Azores High moves ESE to a mecan position of 35° N, 30° W. Note that the Azores High ridge axis has retreated
from the western European coast.
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Kigure 2-3. General Tracks For Cold Asiatic Air Into the Central and Eastern Mediterranean.

THE ANATOLIAN PLATEAU HIGH forms in
central Turkey during the winter due to radiative cooling.
It is connected to the east with similar highs over the
Jranian highlands. With calm conditions, the short-lived
high pressure cell often forms southeast of Ankara.
Turkey's mountainous terrain creates a natural barrier to
eastward-moving systems, and the high pressure
reinforces this barrier. Strong winter and early spring
cyclones can break down the ridge and move directly
across Turkey. This high is notl persistant enough i
show on mean pressure charts.

THERMAL LOWS. Four well-defined thermal lows or
troughs affect this region directly or indirectly during
different parts of the year; they are the Sudanese Low,
the Anaiolian Plateau Thermal Trough, the Saharan Heat
Low, and thc Saudi Arabian Heat Low.

The Sudanese Heat Low is present during most of the
year--sce Figures 2-4a-d. It is responsible for southerly

winds that advect moist, warm air ahead of
eastward-moving Atlas and Cyprus Lows. The Red Sea
is the source of this moisture, which can result in
thunderstorm activity over the northeastern Sahara,

The Anatolian Piateau Thermal Trough is a daylime
surface feature produced by strong surface heating over
the Anatolian Plateau of Turkey from May o
September--see Figure 2-4c. The trough, sometimes
becoming a weak low, may appear io U< part of the
large-scale low pressure trough over Africa, the Middle
East, and South Asia; it is, however, a local
phenomenon. This is particularly evident in the fall
when cool air penetrates into the region and destroys the
trough, while the large-scale low pressure trough remains
intact over southwest Asia. This thermal trough is
responsible for creating the Etesians (which see), a local
northerly wind circulation through the Aegean Sea.
Flow along the trough’s northwestem quadrant reinforces
these winds.
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The Saharan Heat Low develops over the Sahara
Desert near 25° N, 3° E in iate March or early April and
lasts until mid-October. I is sustained by intensc solar
radiation through the summer and can extend up to 750
mb. This low anchors the western end of the large-scale
low pressure trough extending from Pakistan westward
10 the Sahara. In March and April, it is the origin for hot,
dust-laden air masses that affect the castern Sahara and

20

___SUDANESE
C 5 Low

Mediterranean coast. It also assists in Atlas Low ‘

development. In northwestern Libya, west of 22° E, dry
low-level winds blow [rom 45 o0 170 degrees and
average 8 to 15 knots. This persistent circulation

introduces large amounts of dust into the atmosphere.
By July, the semipermanent Saharan Low has a mecan
surface pressure of 1004 mb--see Figure 2-4c.

P ——t: R.J

Figure 2-4a. Mean January Position of the Sudanese Low. Between December and March, the Sudanese Low
lics over the elevated plateaus of southwestern Ethiopia and southeastern Sudan at 7° N, 32° E.

Figure 2-4b.
northward to 15-20° N.

Mean April Position of the Sudanese Low.

In April and May, the Sudanese Low migraics
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Figure 2-4c. Mean July Positions of the Saharan Low, Anatolian Plateau Thermal Trough, and Sudanese
Trough. Between June and September, the Sudanese Low becomes part of the large-scale thermal trough extending

from the western Sahara to northwest India, as shown.

Figure 2-4d. Mean October Position of the Sudanese Low. In fall, the Sudanese Low reappears as the closed
circulation shown here.
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The Saudi Arabian Heat Low is present from Aprii to
late October. it can extend to 650 mb. Its summer
position and strength is regulated by intense surface
heating over the Rub al Khali Desert. Its mean position
(20° N, 48° E) varies litle. The low weakens at night,
producing descending air and dry northeasterlies in the

Red Sea and eastern Egypt/Sudan; speeds are 5 to 15

knots. Since it docs not appear on mean pressurc charts
for July, the gradient-level streamiine flow over the
eastern Sahara and Middie East Peninsula is shown in
Figure 2-5.

Figure 2-5. Mean July Position of the Saudi Arabian Heat Low. Streamlines (solid lines)

show direction of flow. Isotachs (dashed lines) are in knots.
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O THE MONSOQON CLIMATE. The term "monsoon” is

generally applied to areas where there is @ seasonal
reversal of the prevailing surface winds. The generally
accepted definition of & "raonsoon” climate incorporates
the following critcria (aficr Ramage, 1971):

‘Prevailing  seasonal wind direclions between
summer and winter must change by at least 120
degrees;

-Both summer and winter mean wind speeds must
equal or exceed 10 knots (5 meters/sec);

‘Wind dircctions and speeds must cxhibit high
degrees of steadiness; and

‘No morc than one cyclone/anticycione couplet
occurs during January or July in any 2-year period
within any 5 degree grid square.

Figure 2-6 shows the northern limit of the monsoon
climate (shaded area) lying across Northeast Africa as
defined by Ramage.
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Figure 2-6. Region Affected by the Monsoon Climate.
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THE MONSOON TROUGH forms  from  the
convergence ol Azores and South Atlantic High outflow.
Oriented WSW 10 ENE across equatorial Alrica, it
separates the dry subtropical Saharan air from the moist
equatorial Atlantic air. A series of lows develop along
the trough axis where the northerly winds meet the

southwesterlies. The Monsoon Trough's northward
movement {rom March to July is more gradual than the
southward movement from August to Novemier. The
trough is farthest north in July and August. Figure 2-7a
shows its positions as it moves into Chad and Sudan;
Figure 2-7b shows its positions as it moves out.

Figure 2-7a. Mean March-July Monsoon Trough Positions, Chad and Sudan.

Figure 2-7b. Mean August-November Monsoon Trough Positions, Chad and Sudan.
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From March to May, surface Monsoon Vrough
movements me characterized by brief -5 day northward
surges when deep Atlas Lows (which see) temporarily
replace or weaken the Azores/Saharan High pressuie
ridge over the Sahara. The Monsoon Trough moves
northward 20-50 NM in response to the lower pressure
and is driven southward again when high pressure builds
behind the {ront. These highs are still strong in March,
but they are much weaker and less frequent in April and
May, allowing the surface Monsoon Trough to gradually
move northward in the spring.  Belween December and
July, the South Atlantic High also strengthens and moves
from 32° S 10 26°S, driving the wough northward. As
the Monsoon Trough approaches and moves north of a

M

station, the mean surface winds back through the north
and west,

De-ing the summer, ridging (rom the Azores and
Saharan Highs is replaced by the Saharan Heat Low.
Cyclonic activity and transitory highs shilt northward.
The average position of the suriace Monsoon Trough
remains faitly consiant during the summer. Figure 2-8a
shows the general suminer meteorological patiern with
the broad Monsoon Trough, actually a wide belt of
thermal lows stretching across the African continent and
dominated by the hot, dry, Saharan air mass. Figure 2-8b
is a satellite view of an active Monsooa Trough in June
with a tropical disturbance over southwest Sudan.

L1

Figure 2-84. Summer Mousoon Trough Meteorological Pattern.
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Figure 2-86. Satellite View of Northeast Africa Showing a Tropical Disturbance in the
Monsoon Trough (Fett, 1983), The low is identified as a tropical disturbance over southwest

Sudan,

Tue suspended dust of a Haboob (which see) is evident north of Khartoum.

Thunderstosms were repored south of Khartoum, and suspended dust and duststorms were

reported north and west of the city.

The boundary separating the Saharan air mass from
the cooler, moister equatorial air to the south is often
referred to by African meteorologists as the "Intertropical
Discontinuity,” or ITD. Cther meteorologists may use
other terms for the ITD, which is shcwn as the hatclied
line in Figure 29. The ITD slopes southward and
extends upward 0 700-600 mb. It is a baroclinic zone,
with stable Saharan air over moist, conditionally unstable
equatorial air. The ITD’s mean summer position is 15°

N at 850 mb and 5° N at 700 mb. It is marked by wind
shifts and humidity contrasts. On the north of the ITD,
winds are gencrally northerly or easterly at low- and
mid-levels, while winds to the south are southwesterly or
westerly. The two contrasting air masses also produce
the thermally driven Mid-Tropospheric Easterly Jet
(which see) that produces localized areas of divergence,
~enhancing cloud cover and rainfall.
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MEAN MID AND UPPER-LEVEL FLOW. Figures 2-10 through 2-13 show January, April, July, and October
streamline flow at 850, 700, 500, 300, and 200 millibars over the entire SWANEA study arca.
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Figure 2-10b. Mean January Upper-Air Flow Patterns, 700 mb.
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Figure 2-10d. Mean January Upper-Air Flow Patterns, 300 mb.
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Figure 2-11a. Mean April Uoper-Air Flow Patterns, 850 mb.
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Figure 2-11c. Mean April Upper-Air Flow Patterns, 500 mb.

2-19




[1)d 10° 20° 30° 40° 50° 80° 70°
St o ———}
e oo

""*—-
1 =
- =
e \
—

100

o.

4

0° 10’ 20* 30 40° 50° 60° 70°
- I 1 1. 1
~— ] ' e t '3
a0k A ]
L~ .
30~ >
AV U l
202k — A
../"' T
10%
oo ——=
_._._-—-—-/—
1 5 § — ol

Figure 2-11e. Mean April Upper-Air Flow Patterns, 200 mb.
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Figure 2-12c. Mean July Upper-A
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Figure 2-13a. Mean October Upper-Air Flow Patterns, 850 mb.
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THE SUBTROPICAL RIDGE.  This upper-level  with aliernating periods of westerly and  2asterly
fcature, represented graphically by the 200-mb ridge axis  upper-level flow.  Upper-level westerly flow  oceurs
line, marks the division between upper-level westerly  throughout the year north of 30° N. In October,
and casterly flow. As shown in Figure 2-14, the southerly or easterly flow only occurs scuth of 20° N.
Subtropical Ridge oscillates from 6° N in January to  April and October positicns can be inferred from Figures
24-27° N in July. This oscillation provides the region  2-1le and 2-13e.
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Figure 2-14, Mean January and July Positions of the Subtropical Ridge. The jagged line denotes the mean .
ridge axis position. Dashed lines are isotachs (kt).
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SYNOPTIC DISTURBANCES

JET STYREAMS. Four different jet streams affect this
region: the Polar Jet (P), the Subtropical Jet (STS), the
Tropical Easterly Jet (TEJ), and the Mid-Tropospheric
Eusterly Jet (MTEJ).

The Polar and Subtropical Jets (PJ and STJ) are
important to the formation and movement of weather

systems throughout the Mediterranean Basin, The PJ's
position and movements control cold air advection and
mid-level direction for developing Mediterranean
cyclones; the STJ provides steering, shear, and outflow
in the upper layers. These jets affect all of the study arca
except sub-Saharan Thad and Sudan. Figure 2-15 shows
the mean jet positions in January and July.

Figure 2-15. Mean January and July Positions of the Polar Jet (PJ) and Subtropical Jet (STJ).
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Mecuan PJ positions vary from north to south over
Europe from 55° t6 65° N. Maximum wind speeds from
Dccember to March vary from 60 to 160 knots, The PJ
is usually found near 30,000 feet (9,146 melers) MSL.
Southward deviations (1o 30-45° N) are most frequent
between December and March, but the PJ enters the
eastern Sahara on rare occasions in April, May, or June.
The April-June PJ is found between 30,000 and 34,000
fect (9,146-10,265 meters) MSL; maximum wind speeds
are between 60 and 140 knots.

Although the STJ shows less variability in its daily
position, seasonal variability is greater than that of the
PJ. Mean STJ positions over the subtropics range from
25° 1w 45° N.  Maximum wind speeds between
December and April are between 80 and 180 knots at a
mean height of 39,000 feet (12,195 meters) MSL.
Speeds between May and November are between 30 end
60 knots at 39,000-43,000 feet (12,195-13,110 meters)
MSL. The STJ is weakest in July and August, seldom
extending south of 35° N

20

. &

Figure 2-16a. Typical Jet Positions During
Formation of Genoa Low. The surface low formation/
intensification area is denoted by the circled X.

Initinlly, surface low-pressure cells develop when o
strong PJ digs south of 30° N and forms a decp
upper-level trough, Northerly flow often develops on the
cast side of a blocking high-pressure ridge over the
eastern Atlantic. The PJ and upper-level trough may
intensify surface lows over the Mediterranean Sca and in
the lee of the Atlas Mountains of northwestern Africa.
Northerly flow ensures that the trough and the surface
cyclone move castward into the eastern Meditcrranean.

The prefcrred area of  low-pressure  center
inensification is often under the southeast quadrant of
the upper-level trough. The low often deepens in the
area between the two jets. Jet stream interaction most
frequently occurs with Atlas Lows between 25° and 30°
N--nearest the mean position of the STJ. Figures 2-16a-c
illustrate generalized PJ/STJ interaction and low-pressure
intensification area for Genoa, Auas, and Cyprus Lows,
respectively.

During
Formation of Atlas Low. The surface low formation/
intensification area is denoted by the circled X.

Figure 2-16b. Typical Jet Positions
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Figure 2-16c. Typical Jet Positions During Formation of Cyprus Low.
The surface low formation/intensification area is denoted by the circled X.

Tropical Easterly Jei (TEJ). This summer feature in
the upper-level easterlies develops as outflow from the
southern edges of the Tibetan 200-mb circulation. The
TEJ provides an ouiflow mechanisin for Monsoon
Trough convection, thus sustaining conveclion in
sub-Saharan Chad and Sudan. Changes in the TEJ may
cause surges in Monsoor. Trough convection. Its mean

position lies at about 10° N, but it oscillates between
7930’ and 18° N (see Figure 2-17). Highest wind speeds
(90 knots) are found between 100 and 200 mb. The TEJ
normally lies about 4-5° south of the surface Monsoon
Trough over the African continent west of the Ethiopian
Highlands.

Figure 2-17. Mean July 200-mb Zonal Flow Showing the Tropical Easterly Jet (TEJ). The dark arrow is the
TEJ. The stippled area represents easterly flow. Dashed lines are isotachs in knots. Solid lines are westerly flow

isotachs.
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Mid-Tropogpheric Easterly Jet (MTFEJ). This
mid-level jet occurs over subtropical Africa between
May and October. The MTEJ develops from the thermal
contrast along the ITD as hot, dry Saharan air lies over

20°N

30°N

the cooler, moister equatorial air. The gradient is
strongest during the summer when surface lemperatures
reach their maximum over the Sshara, but change litde

over equatorial regions.
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Figure 2-18. Meridional Cross Section of Zonal Winds Near 10° E for July. Solid lines are isotachs in knots,

The arrow points out the location of the MTE].

The MTEJ develops along the Ethiopian Highland
foothills (the southeasternmost peneiration of Saharan
air) and extends westward to the Atlantic Ocean. Mean
jet core winds average 25 knots; maximum speeds c¢2n
reach 50 knots. Figure 2-19 shows an MTEJ latiiudmal

cross section at 13° N in August. The dotted line shows
the jet axis. The MTE]J steers African Waves (which see)
westwaid between Khartoum and N’Djamena from June
through September.
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Figure 2-19. Cross Sectional View Showing the MTEJ at 13° N in August (from Burpee, 1972). Solid lines

are isotachs in knots. The dotted line sliows the jet axis.

The easterly wind maximum correlates well with the mean

height of the Intertropical Discontinuity (ITD) at 13° N during August.
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MID-LATITUDPE CYCLOGENESIS.
cyclogenesis for Genoa Lows, Aulas Lows, and Cyprus
Lows are shown in Figure 2-20. These systems affect the
eastern Mediterranean Coast and northeast Africa most

Arcas  of

frequently between November and March. Deep Cyprus
Lows produce thunderstorms in the northern Nile River
Valley of Egypt. One winter thunderstorm in this arca
brings 70 to 90% of the entire seasonal rainfall {otal.

Figure 2-20. Mediterranean Cyclogenesis Regions. The three primary areas of cyclogenesis are
shown for (1) Genoa Lows, (2) Atlas Lows, and (3) Cyprus Lows. Arrows indicate general

direction of movement.

Synoptic considerations dictate specific areas for
cyclone formation and movement. Surface pressure
patterns, shortwave troughs, vorticity advection, and
jet-stream positions determine cyclone strength. The
entire Mediterranean coast is affected by these systems.
Surface cold fronts extend southward into northern Libya
and Egypt and provide most significant weather in these
arcas. Only abnormally decp surface troughs can bring
cven weak temperature changes and wind shifts south to
{8’ N. Cold fronts moving south of this arca weaken
into a shear linc.

The Genoa Low forms primarily from December to
March in the Gulf of Genoa (the northern part of the
Ligurian Sea); it accounts for 69% of Mediterranean
basin cyciones. Airflow over the Swiss Alps produces
lee-side troughing off thc coast of Italy; transient
distwrbances intensify in this trough. These storms

normally intensi{ly over a 12-48 hour period before
moving off into the north-central Mediterranean.

There are three common patterns for Genoa Low
development. One is the movement of 2 surface cold
front into the Gulf of Genoa from the west in advance of
an upper-level wrough, which produces southwesterly
flow aloft in the warm sector. Unstable cold air advected
by strong northerly surface winds through the Rhone Gap
in southem France produce cyclonic turning at the lower
levels. The warm Mediterranean Sea supplies moisture
10 the developing low, which moves southeastward into
the Mediterranean, then tums eastward toward Turkey.
The primary track is ESE into Cyprus, with a secondary
track ENE into the Black Sea. The cold front will
normally extend 200 NM inland into northern Africa, but
the southern end is weak,
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A second common synoptic pattern for Genoa Low
development is the establishment of a blocking 500-mb
ridge over the eastern Atlantic along the European coast
that brings north o northwesterly mid-level flow into the
Mediterrancan basin.  Icelandic Lows passing o the
north cxtend cold fronts southcastward over Spain and
France. The blocking long-wave ridge steers shortwaves
into the Gulf of Genoa. Cold air aloft, warm water at the
surface, and lee-side troughing combine (o intensify the
shortwaves. The low normally wacks southeastward over
the central Mediterranean Seca. These migratory lows
may bring short periods of light showers, drizzle, or
virga to areas east of 15° E and north of 23° N.

A third synoptic situation for Genoa Low formation
occurs when cyclonic shear over the Strait of Gibraltar
produces an upper-level cutoff low in the western
Mediterranean. About 10% of these vortices reach the
Gulf of Genoa and intensify into a Genoa Low. These
troughs bring mid- and upper-level clouds, but no
precipitation in northeastern Africa south as far as 25° N.

The Atlas Low. From March to April and from October
to early December, transitory lows form in the
north-ceniral interior of Algeria southeast of the Atlas
Mountains near 30° N, 2° E. An Atlas Low generally
forms when a mid- or upper-level trough, oriented
NE-SW over Spain, is positioned over a weak surface
low or slow-moving cold front.

In March and April, the mean Azores High moves
northwestward, shilting the mean mid-level flow pattern
from zonal t0 more meridional. This can cause a
southward movement of disturbances along the Polar Jet,
which often digs along the backside of the 50(0-mb
treugh, producing lifting along the Atlas Mouniains,
Mid-ievel cold air and moisture cross the Atlas range as a
cold-core cut-off low or shortwave. These storms
seldom develop or penetrate very far into the castern
Sahara without strong northerly flow and mid-level cold
air support. The Subtropical Jet provides strong outflow
and divergence aloft; mean wind speed is 80 krots over
western Africa in the spring.

The lows normally move northeast over the
south-central Mediterranean along the polar-subtropical
jet axes. They produce strong south or southwesterly
winds within the cyclone’s warm sector (see Sirocco and
Khamsin regional winds). When a sustained northerly
fiow pattern persists for more than 3 days, the Polar Jet
and the mean Atlas Low storm track shift southward with
the lows moving east across the northern Sahara; polar
air surges south of 30° N. Southerly winds are greater
than 25 knots, producing Khamsin winds over central
portions of the eastern Sahara. Strong surface high

pressure (see Harmattan) normally moves in behind the
system. Figures 2-21a through e depici a 3-day sequence
during which Atlas l.ow cyclogenesis and movement is
east-southeastward over the northern Sahara.
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Figure 2-21a. Synoptic Surface Chart (7 April 1954, 0000Z), Atlas Low. Pressures in millibars.
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Figure 2-21b. 500-mb Flow (7 April, 1954, 0300Z), Atlas Low. Contours are heights in geopotential meters

‘ (gpm).

' Figure 2-21c. Synoptic Surface Chart (8 April 1954, (000Z), Atlas Low. Pressures in millibars. The Atlas Low
is developing on the leeside of the Atlas Mountains.
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Figure 2-21d. 500-mb Fiow (8 April, 1954, 03002,), Atlas Low. Contours are heights in geopotential meters
(gpm). The 500-mb trough is moving southeastward from central Spain into northern Algeria, forming a cut-off low
at35°N, 3°E. .

Figure 2-21e. Synoptic Surface Chart (9 April 1954, 0000Z), Atlas Low. Pressures in millibars. The Atlas Low .
is positioned along the Libya-Egypt border.
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The Cyprus Low. This migratory tow can create heavy
thunderstorm activity between November and March.
Two factors contribuic to Cyprus Low cyclogencsis:
low-level inflow of northwesierlics from the Acgean Sca
over warm eastern Mcditerranean waters (sec Figure

2-22) and instability aloft caused by cold stow-moving
migratory (mid- and upper-level) polar troughs. One or
two Cyprus Lows producc extensive thunderstorm
outhregks cvery winter,
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Figure 2-22. Surface Circulation Causes Development of the Cyprus Low.

The Cyprus Low develops over a warm water
surface. As a result, less instability is needed to sustain
lower surface pressures. Favorable mid- and upper-level
flow (westerlies) occur frequently throughout the
December-March period, whercas the Atlas Low
cyclogenesis area requires a sustained northerly flow
pattern, common only during transition seasons.

Figures 2-23a-d illusuate a mid-November sequence
for Cyprus Low formation. Figures 2-23a-c are surface
charts showing the 16-18 November 1953 development
of the low, and 2-23d is the 18 November 500-mb chart.




Cyprus Low. Pressures in millibars,

y 0000Z),
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Surface Chart (16 November 1953
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Synoptic Surface Chart (17 November 1953, (000Z), Cyprus Low. Pressures in millibars,

-23b.

Figure 2-23a. Synopt
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‘ Figure 2-23d. 500-mb Flow (18 November 1953, 0300Z), Cyprus Low. Conlours are in geopolential metcrs
(gpm).
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A thunderstorm outbreak with significant rainfall
requires cold air between 700 and 500 mb, usually 15 to
18° F (8-10° C) colder than the environment.
Occasionally, very cold polar troughs penetrate the
castern Mediterranean Sea with moist low-level support.
Warm Saharan surface air advected ahead of the cold
front creates favorable conditions for Cyprus Low

trigger the development, otherwise only light, short-lived '

showers occur.

For the rare heavy rainfall or snowfall to occur,
strong mid- and upper-level roughs must accompary the
surface low. Figures 2-24a through d show two different
Cyprus Lows in the castern Mediterranean Sea; the rarc
heavy rainfall event is only produced by the synoptic

development and severe thunderstorm  activity.
Significant positive vorticity advection is required to  pattemns in Figures 2-24c and d.
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Figure 2-2da. 500-mb Contour Chart Over a Cyprus Low With No Severe Thunderstorms or Heavy
Precipitation. Dashed lines are isotherms (C) at 5-degree intervals; solid lines are geopotential height (gpm) at

50-meter intervals.

NS

Figure 2-24v. Surface Chart Depicting Cyprus Low Position Beneath a Weak Mid-Level Trough With No
Severe Thunderstorms or Heavy Precipitation. Solid lincs are surface pressure isobars at 2-mb intervals. Arrow

shows system movement.
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Figure 2-24c. 500-mb Contour Chart Over an Intense Cyprus Low With Severe Thunderstorms and Heavy
Precipitation. Dashed lines are isotherms (C) at 5-degree irtervals; solid lines are geopotential height (gpm) at

50-meter intervals.

Figure 2-24d. Surface Chart Depicting Cyprus Low Position Beneath a Strong Mid-Level Trough With
Severe Thunderstorms and Heavy Precipitation. Solid lines are surface pressure isobars at 2-mb intervals.
Arrow shows system movemeni. Snow cccurs when when this synoptic pattern is supplemented by extremely cold
low- and mid-ievel Asiatic air advection into the back of the primary low (see Figure 2-3). Although such events are
rare (the average is one every 5 yeais), they can occur in any given winter when synopiic conditions are favorable.
The snow in these events fails over the eastern Mediterranean coasial plain and in the hills and mountains behind the
primary cokd front. Amecunis at elevations above 500 feet (150 meters) MSL can be significant; Jerusalem got
nearly 10 inches during a March 1960 storm.
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STORM TRACKS. From May ta October, mid-latitude
storms are very rare in the Mediterranean Sea. The mean
November storm tracks shown in Figure 2-25a reflect the
southward movement of the Polar Jet. Figure 2-25b
shows tliec December-February siorm tracks as they affect
the eastem Mediterrancan Sea. Figure 2-25¢ shows the
storm tracks that affect the region in March and April.
Leeside troughing along the Atlas Mountains initiates
Atlas Low cyclogenesis inland over northwest. Alrica.

(] ‘ L

Figure 2-25b. Primary (solid arrow) and Secondary
(dashed arrow) Mid-Latitude Storm Tracks,
December, Jenuary, and February., Genoa and Cyprus
Lows are the main sources of cyclonic activity. Primary
tracks (solid arrows) pass through the Gulf of Genoa and
eastern Mediterranean basin, The secondary track
(dashed line) is for Atlas Lows.

Figure 2-25a. Primary (solid arrow) and Secendary
(dashed arrow) Mid-Latitude Storm Tracks,
November. Most November cyclones affecting the
region are Genoa Lows that move ENE across southern
Europe. Most November cyclonic activity in the eastern
Mediterranean Sea involves secondary cyclogenesis
along active Genoa Low cold fronts.

Figure 2-25¢c. Primary (solid arrow) and Secondary
(dashed arrow) Mid-Latitude Storm Tracks, March
and April. Atas Lows produce ihe majority of
significant spring weather. Genoa lLows can alse
develop in the Bay of Biscay along northern Spain and
western France, bul these move ENE across southern

Europe.
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AFRICAN WAVES  originate over  southern
Chad/Sudan al the 700-mb level between 10° and 15° N
from May (0 October. The trough is usually titicd
slightly--sce Figure 2-26. These waves move from cast
o west at 10-15 knots.  Successive waves can develop
cvery 2 o § days, from 1,200 to 2,200 NM apart. Much
controversy stH surrounds wave genesis over Southern
Chad/Sudan, but apparcntly the MTEJ creates a shearing
cavironment, assisted by positive vorticity and latent heat
release.

Very litile weather is associated with these
disturbances before late June. Since moisture is limited,
weak troughs seldom produce more than an increase in
mid-leve! cloud cover. In the weaker troughs, inid-level
winds are lighter than surface winds; convergence, cloud
cover, and precipitation arc on the east side of the trdugh.

By late July, the surface Monsoon Trough moves o
near 207 N, bringing more moisture into southern
Chad/Sudan. The¢ MTEJ is also wcll-established,
increasing  the  likclihood  for  increased  cloud
development and rainfall on the west, rather than on the
east, side of the trough. Slight increases in surface wind
speeds significantly increase convective devclopment.
Wind spceds of 40 knots have been observed.

Figure 2-2€. Basic Cloud and Wind Pattern with a
Tropical Wave (from Leroux, 1983). The trough axis
is shown by a dashed line. The solid line represents the
700-mb position of the [TD. Wind speeds are in knots.

TROPICAL SQUALL LINES develop in southern
Chad/Sudan during the summer and move westward at
20-30 knots. The leading edge is often a sharply dclined,
north-south are that contains convective cells in various
stages of growth; there are multiple outflow boundaries.
The cirrus outflow merges into a solid shield. Three
synoptic conditions. are necessary for tropical squall linc
development. They are (from Fortune, 1980):

«Shear and instability along the Iniertropical
Discontinuity (ITD)

»The Monsoon Trough, which supplics large
amounts of moisture, is located betwcen 15°
and 20° N

~Convergence is occurring through a deep layer
of the mid-troposphere.

The tropical squall line is strictly a summertime
phenomenon south of 165 N. There arc iwo main
dilferences between tropical squall lines and those of the
mid-latitude type: (1) the anvil cloud extends behind
(east) of the squall lines--not in front, and (2) ncw
convective squall lines develop to the west of the outflow
boundary.

Intense downdrafts and outflow boundaries can
occur beneath individual convective cells.  Cold
downdrafts cause rapid temperature decreases and can
raisc large amounts of dust and sand intc thc air;
visibilities can be reduced to less than 1/2 mile. Brief
and intense rainfall is common, but coverage is
extremely variable. Downdraft speeds average 20 to 30
knots over flat terrain, increasing to 40 knots in the
Marrah Mountains of west-central Sudan.

In northcastern Chad, experienced American
meteorologists have observed squall line gusts in excess
of 50 knots with near-zero visibilities caused by dust and
sand, Strong north-south outflow boundacies vary from
5 to 150 NM in length.

Figurc 2-27 shows a possible formation scquence of
an African squall line. A common source is near Lake
Chad, where addiitonal moisture is available and where
casterly flow is channeled between the Tibesti and
Marrah Mou tta:ns.
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Figure 2-27. Fermation of an African Squall Line (vertical cross-section) (from Hayward, 1987). The
sequence of diagrams (rom A 10 E depict the developmenit of an African squall line south of the surface Monsoon
Trough. Shearing along the ITD creates waves along tie boundary. The blocking phase can be reached in the
presence of an active MTEJ, The easterly flow is furced to spread to the north and south, leading to the actual
thunderstorm line--a north-south aurc--when the mid-level flow breaks through the 1TD and reeches the surface.
Westerly flnw is forced aloft, producing hecavy rain and thunderstorms. Easterly flow drives the storms west.
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MESOSCALE AND LOCAL EFFECTS

LAND/SEA BREEZE. Differentisl surface heating
along coasts generates this diurnal phenomencn.  The
marine boundary layer varely extends above 3,000 feet
(915 meters) AGL or beyond 15 NM inland unless
augmenied by synoptic flow; then it may reach 5,600
fect (1,525 meters) and extend up to 80 NM injand. In
general, sea breeze penetration reaches a maximurh by
mid-afliernoon, Nighttime land-sea  temperature
differences are normally smaller; wina speeds arc lower
and maximum offshore penetration is limited to 5 NM.
Sea breezes average 8-14 knots; land breczes average
4-8 knots. Two types of land/sea breezes are found along
the Mediterrancan Coast: "common” and "frontal".

"Common" land/sea breezes affect all coastal arcas of
the Mediterranean and Aegean Seas. Figure 2-28
illustrates the "common" land/sca breeze circulation
under calm conditions with no topographic infiuences
and a uniform coastline. Onshore (A) and offshore (B)
flow intensifies in prcporiion to daily heat exchanges
between land and water. Common land/sea breezes
normally reverse at dawn and dusk.

A r. -— e o W Day
f- e "\ \
men qu
" SeaBreeze
B o —— e Night
f B
Lowh HIGH
JAAAAA
L and Bresze

Figure 2-28, The "Common" Daytime Sea Breeze (A)
and Nighttime Land Breeze (B). Thick arrows
represent pressure gradient and direction of flow.

"Frontal" l!and/sea breezes are the product of the
“front" between land and sea air masses. The transition
for wind reversal is delayed by 1 to 4 hours as gradient
flow prevents the sca breeze boundary layer or "front”
from moving ashore, Figure 2-2%-f shows a typical
"frontal” land/sea breeze sequence. Solid blocks denote
the land surface, while dashed lines represent waler.
Vertical lines show the sea breeze boundary layer and
arrows represent wind circulation.

Kigure 2-29a. Gradient Flow With Offshore Wind
Component Slopes Gently Over Dense, Cooler
Marine Beundary Layer. Shearing action along the
"front", or fand-sea air mass interface, compacts the
layer. Gradient flow strength determines the magnitude
of compacting.

Figure 2-29b. Increased Compacting Tightens
Pressure Gradient Along Land-Sea Interface. If the
gradient is weak, land surfaces heat rapidly. As a result,
the surface pressure gradient and winds resemble those in
Figure 2-29a.

Figure 2-29c. Maximum Compacting of the Marine
Boundary Layer. At this instant, the surface winds
inside the marinc boundary layer show onshore dircction.
The marine layer surface flow may take several hours (o
reach the coast. Momentum accelerates wind speed with
time.
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Figure 2-29d. Frontal Sea Breeze Accelerates
Towards Shore. Initial "frontal" sea breezes may
sustain 20-knot winds for 15-45 minutes.

Figure 2-29¢. Sea Breeze "Front" Reaches the Coast.
Noie the increased depth of onshore flow in the marine
boundary layer. Compare with Figure 2-29¢.

Figure 2-29f. Land/Sea Breeze Mechanism in Full
Swing. Offshore flow aloft, onshore flow at surface.

The synoptic flow causes directional variations of
10-45 degrees and can increase or decrease wind speeds.
With weak synoptic flow, the sea breeze triggers shallow
cumulus along the coast by late afternoon. Shoreline
configuration and tcpography can trigger orographic
lifting, cloudiness, and precipitation under otherwise

stable conditions. The Nafusah and Akhdar Mountsins
of Libya are prime locations for sca-brecze cumulus
development regardless of the sirength of synoptic flow.

Eariy moming status and stratocumulus  often
develop along the Libyan and Egyptian coastlincs during
the land-sea breeze transition between 0700 and 0900
LST. Cool air is produced through radiative cooling over
land. After midnight, the land breeze pushes the cooler
air over the warmer water, and stratus forms by
condensation.  Stratus and stratocumulius seldom form
above 5,000 feet (1,525 meters) or below 2,000 feet (610
meters). When the sea breeze develops at roughly 0800
LST, weak onshore flow moves the stratus and
stratocumulus over the coast. The stratus averages SO0
feet (150 meters) thick and quickly bums off over land
by 1000 LST.

MARINE INVERSIONS separate the marine boundary
layer from the warmer, drier air aloft over the
Mediterranean coast. The marine layer normally extends
5 to 20 NM inland, but it can reach to 80 NM inland if
supported by the synoptic flow. The marine boundary
layer varies considerably in depth throughout the year.
This is particularly evident in the relative humidities
provided in Figures 2-30a-¢ for Mediterranean coastal
stations. The marine air layer is cooler, moister, and
siabler than the interior air masses, particularly along the
desert coasts. The inversion is less pronounced during
summer at [zmir, Turkey, where there is enough moisture
to produce clouds, usually stratocumulus, but dry air
aloft prevenis any significant vertical developrent. In
winter, the marine beundary layer is uniform throughout
the region, extending above 5,000 feet (1,525 meters).
The laycr ts very shallow during th: summer with
subsidence aloft.

FEET JAN FEB MAR APR MAT JUN JUL AUG SEP OCT NOV DEC
5,000 70 66 62 60 55 51 K8 48 51 56 61 67
4,000 7 68 64 60 55 50 48 49 52 58 62 68
3,000 72 68 64 59 55 50 48 4o 52 59 64 68
2,000 70 67 65 59 56 50 48 50 53 60 65 68
1,000 69 66 €5 59 57 51 L 1) 51 ok 61 66 67

Figure 2-30a. Mean Monthly Relative Humidities for {zmir, Turkey.
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FEET JAK FEB MAR APR MAY JUN JUL AUG S3EP OCT NOV DEC

5,000 63 61 54 hy §2 37 34 38 B2 §2 57 64
4,000 63 61 55 k6 k5 R 39 b6 49 46 58 65
3,000 62 60 56 49 50 h8 47 57 57 52 58 61
2,000 62 60 57 54 57 57 57 67 64 59 58 62

1,000 61 59 60 58 63 66 65 70 65 63 57 60

Figure 2-30b. Mean Monthly Relative Humidities for Beirut, Lebanon.

r
; FEET JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

5,000 62 58 52 ho 34 32 30 32 36 k7 56 62
y,000] 65 59 S5 48 37 36 35 39 45 52 ST 63
‘ 3,000 64 60 58 48 53 43 46 52 58 57 58 6N
2,000 62 60 60 53 52 55 60 66 68 62 58 63
1,000/ 61 61 61 58 61 65 69 72 T1 66 59 63

Figure 2-30c. Mean Monthly Relative Humidities for Bet Dagan, Israel.

FEET JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

5,000 59 52 49 51 36 36 36 38 L ¥ h9 56 60
4,000 60 54 51 43 39 38 39 41 b6 53 58 62
3,000 60 56 53 b7 42 y2 L L] 47 52 58 59 63
2,600 60 58 56 52 48 43 52 55 58 61 61 62

1,000 59 60 60 58 58 58 64 hS 64 63 61 61

Q Figure 2-30d. Mean Monthly Relative Humidities for Matruh, Egypt.
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FEET | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
5,000] 63 56 48 38 32 32 35 38 A4 5% 57 62
4,000/ 66 58 51 41 34 35 K0 k2 AT 53 60 63
3,000 68 61 54 45 38 4 4 48 52 S5 60 64
2,000 67 62 57T 51 44 ®y 52 56 58 57 61 64
1,000] 67 63 59 54 50 55 60 62 60 59 &1 65

o ——

Figure 2-30e. Mean Monthly Relative Humidities for Banghazi, Libya. The reporting station is 28 NM inlancl.
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MOUNTAIN/VALLEY WINDS devclop with lair
skies and light and variable syonoptic flow. ‘They are
commoz in the Tuwkish Taurus Mountains, the Jordan
Rift Valley, the Nafusah and Akhdar Mountains in
northern Libya, the Tibesti Mountins in norther Chad,
and the Marrsh Mountains and Ethiopian Highland

foothills of Sudan, There are two types of
terrain-induced winds: the mesoscale mountain/valicy
wind, and the localized, microscale “slope”

(upslope/downslope) wind. The key differences lie in the
temporal and spatial scales.

Mesoscale Mountain/Valley Winds average 6-12
knots.  Daytime valley winds (Figurc 2-31g) arc
strongest (10-15 knots) between 650 and 1,300 (eet
(200-400 meters) AGL. Nighttime mountin winds
(Figure 2-31b) average only 3-7 knots st the same level.
Deep valleys develop more noctumal cloud cover than
shallow valleys because nocturnal airflow convergence is
stronger.  The mesoscale-valley circulation has a

maximum vertical extent of 6,560 feet (2,000 meters)
AGL, depending on valley depth and width, the strength
of prevailing winds in the mid-troposphere, and the
breadth of microscale slops winds.

Inversion

Figure 2-31b. Typical Nighttime Mountain/Valley Circulation (from Fiohn, 1969),
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Microscale Slope Winds develop along the surface
boundary  layer (0-500 feety 0-150 meters AGL)Y of
mountaing and lurge hitls.  Mcan daytime upstope wind
speeds are 6-8 knots; mean nighttime downslope speeds
are 4-6 knots. These speeds are found at elevations no
higher than 130 feet (40 meters) AGL. Downslope
mountain winds are strongest between November and
March, while upstope valley winds are strongest between
April and October. Upslope winds are sirongest on
slopes with southerly exposures. Figures 2-32a-h (from
Geiger, 1961) show the life cycle of a typical
mouniain/valley wind circulation. The light arrows
represent  microscale circulation;  the dark arrows,
mesoscale circulation.

Sunshine almost

SUNRISE.
immediately generates upslope wind development, but
the downslope mountain wind persists as mesoscale flow

Figure 2-32a.

overrides microscale {low. Generally the transition
between Figures 2-32a and b occurs beiween 0700 and
1000 LST, but local terrain determines how soon
sunlight can start the microscale upslope wind, which is
not fully developed uniil the entire valley surface is
heated enough to stop the mesoscale downslope
mountain wind.

Figure 2-32b. MORNING. Widespread surface
heating continues (0 generate microscale upslope flow,
cutting off any downslope mountain circulation.

Figure 2-32c. MIDDAY. Sunshine covers the entire
valley floor, and upslope flow feeds the valley
circulation.

Figure 2-32d. LATE AFTERNOON. East-facing
slopes begin to cool; upslope flow weakens.

Figure 2-32e. SUNSET.  Although microscale
downslope wind components dominate the surface
boundary layer, mesoscale upslope valley flow retains
w zak momentum.

Figure 2-32f. EVENING. Downslope winds dominate.




Figure 2-32g. MIDNIGHT. Downslope winds {ced the
mountin circulation,

Figure 2.32h. PRE-DAWN. Winds arc calm just
before surface heating begins at the microscale; the
mesoscale downslope mountain circulation retains its
momentum.  Microscale downslope winds end just
before sunrise; upsiope winds begin again at first light.

Orographic uplift may accentuate mesoscale
mouniain-valiey convergence above 6,000-7,000 fect
(1,830-2,135 melers), producing short-lived convective
cells. Mountain winds and land breczes flow in Lthe same
dircction and work together where ranges such as the
Akhdar Mountains parallel the coast. Valley winds and
sca breczes can also combine o create higher wind
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Mountain inversions develop when cold air builds
up along wide valiey floors where nightiime downslope
wind convergence is weak. The cold air descends from
the siopes, undercutting warmer air in the valley and
forming an inversion. Moisture in the inversion layer
often traps smoke, or produces fog and thin stratus,

MOUNTAIN WAVES develop when air at lower levels
is forced up and over the windward sides of ridges;
turbulence is usually modcrate to severe. Mid- and
upper-level wroughs in the westerlies may produce
mountain  waves in the ranges rimming the
Mediterranean Sca, as well as in the Tibesti Mountains in
northern Chad. The Ethiopian Highland’s western
foothills and the Marrah Mountains may producc
mountain wave lurbulence during the summer with an
MTE] present.  Criteria for mountain wave formation
include sustained winds of 15-25 knots and flow within
30 degrees of perpendicular 10 the ridge.

Wavelesigth amplitude depends on wind speed and
lapse rate above the ridge. Light winds follow the
contour of the ridge with littte displacement above and
rapid damping beyond. Stronger winds displace air
above the swable inversion layer; upward displacement of
air can reach the tropopause. Downstream, the wave
propagates an average distance of 50 times the ridge
height. Lenticular clouds forin in the lee waves. Rotor
clouds form when there is a core of strong wind moving
over the ridge, but only when the core does not exceed
1.5 times the ridge height. Tusbulence in rotor clouds is
strongest due to the sudden directional shear. Figure
2-33 shows a fully developed lec wave system.

ICE CLOUDS y

‘-...o

)ROT OR

- 1

10km

Figure 2-33. Fully Developed Lee Wave System (from Wallace and Hobbs, 1977).
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DUSTSTORMS. Given the right conditions, duststorms
arc dominant features in and near the deserts of the
region. Duststorms carry suspended particles over long
distarces, often reducing visibility to less than 30 feet
(10 meters). Season of occurrence, wind direction,
amount of particulate matter, and duration vary by
locality. Large-scale dusistorms often persist for 1 or 2
days before a frontal passage (such as with an Atlas or
Cyprus Low), or with a synopiic-scale squall line.
Mesoscale squall lines may reduce visibility to less than
1/2 mile for several minutes to an hour. Vehicles
crossing the sand break through the crust easily; even
light winds can raise dust. Sandstorms differ from
duststorms only in the size of the suspended particles.
Sand is seldom raised to more than 3-6 fect (1-2 metcrs)
above the ground; particles settle quickly.

Dust devils are miniature tornados, but their wind
speeds are not as high. They are set off by intense
summer heating. Diameters range from 10 to 300 feet
(3-91 meters). Dust devils move at about 10 knots and
may last for 1 10 5 minutes. Visibilities are near zero in
the vortex.

The origin and nature of duststorms depend upon
general synoptic conditions, local surface conditions, and
diurnal/seasonal considerations, as shown below.

Synoptic Conditions--

Active cold fronts. From November tc April,
duststorms may develop with frontal passages. Gusts of
15 to 20 knots are sufficient to lift dust and sand, but a
presswe gradient of 6 to 8 mb/100 NM produces
widespread duststorms. Swtrong fronts can increase the
size of the area affected considerably. extending
southward to include Chad and Sudan.

Convective activity.  Convection produces local
downdrafts that commonly reach 30 knots, while squall
lines organize over a larger area to produce cloud bands
up to 100 NM long and from 10 to 20 NM wide.
Visibilities can be greatly reduced within minutes.
Convection associated with the Monsoon Trough in
southern Chad and Sudan frequently produces Haboobs
{which see).

Stagnant Transitory High Surface Pressure. Tke
Saharan and Saudi Arabian Highs normally strengthen
over the subtropics during extended fair weather periods

between November and March. Only a 4- to 6-mb/100 ‘

NM surface pressuse gradieni is necessary 10 generate
dust-laden surface winds. ‘These highs can produce
severe and widespread duststorm activity and are the
most difficult to forecast. Although such situations arc
easy o recognize, precise locations (timing/areal extent)
and severity are difficult to infer with so little data
available. Stagnant air aloft provides litile ventilation to
remove the dust.

Local Surface Conditions--

Soil type and condition control the amount of particulate
matier that can be raised into the atmosphere. Dry sand
or silt, for example, is easily lifted by 10-15 knot winds.
Haze is a persisient feature of the sandy deserts. The fine
dust, sand, salt, or silt can be suspended for weeks and
travel hundreds, even thousands, of miles from the
source. Harmattan winds (which see) blow dust from the
Sahara into southern Chad. On rare occasion, the
particles can precipitate back to the surface as "mud
rain," Strong frontal passages can reduce visibilities to
near zero.

Seasonal Considerations--

October to March., Large areas of dust kaze develop
when there is subsidence aloft and a lack of turbulent
mixing. Most dusistorms develop along  frontal
boundaries. Synoptic scale winds of only 10-15 knots
can lower visibility below 3 miles over 1,000 so <M for
up io 12 hours.

April to September. Convection produces most
duststorms, but late-spring frontal systems, particularly
Atlas Lows, can also produce them. Local visibilities
below 3 miles occur in areas where the soil is dry.

Diurnal Considerations--

Daytime. The lowest visibilities cccur around 0900
LST, shortly after the inversion breaks and turbulent
surface mixing raises the dust. Distant uee tops can be
visible at this time, but their bases are obscured by the
dust haze. Daytime heating produces turbulent mixing in
the lowest layers. Hot, dry winds unnsport dust aloft to
the base of the large-scale subsidence inversion over the
Sahara. Persistent dryness allows dust to reach 10,000
feet (3,050 meters) MSL, where it can remain suspended
tor days or weeks.
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Nighttime. Cooler surface temperatures create stable
conditions in the surface layer. Turbulent mixing is
minimized; visibilitics improve during the night and are
best between 2000 and 0600 LST as the iemperature
inversion produces light surface winds. The dust settles
beneath the inversion layer throughout the night;
visibilities improve to 4-7 miles.

SAND STREETS. Vast longitudinal dune formations,
about 1-1/4 NM apart, create localized wind circulations
in westen Libya, Egypt, and northem Chad. They
parallel the mean wind direction. These dunes average
60 0 160 feet (20-50 meters) high and 330 feet (100
meters) wide. They vary from 1,000 feet (305 meters) to
100 NM long. Sand streets develop along the dune crest.
The three-dimensional circuiation pattern is shown in
Figure 2-34,

WMEAW WD 3

Figure 2-34. Three-Dimensional View of Longitudinal Vortices in thie Boundary Layer (from Hanaa, 1969).
Southeast winds (dark arrow) may also develop roll vortices, but northwest flow (light arrow) is more common. The
roll vortex diameter approxima‘es the thickness of the boundary layer,

Figur> 2-315 shows a cross-section of airflow nover
successive dunes. For sand streets to form, there should
be little variation of wind direction with height, above
average wind speeds, unstable lapse rates near the
surface, and an inversion above the convective laycr.
Roll vortices, which parallel prelvaliling girflow, converge

over dune crests, producing clouds whenever enough
moisture is present. Synoptic-scale streeting, however,
requires large amounts of moisture to produce low-leve!
clouds and is therefore rare. Only spring or fall frontal
actlivity with rare surges of moist air ahead of the cold
front produces low-level cloud streets.

7

Figure 2-35, Cross-Sectional View of Dune and Cloud Formation Mechanism (from Hanrna,
1969). Cloud formation is unlikely when boundary layer air is extremely dry.
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WET-BULB GLOBE TEMPERATURE (WBGT)
HEAT STRESS INDEX, The WBGT hcat stress index
provides values that can be used to calculate the effects
of hcat stress on individuals. WBGT is compuicd by
using the formula:

WBGT =0.7WB + 0.2BG + 0.1DB

A complete description of the WBGT heat stress
index and the apparatus used to derive it is given in
Appendix A of TE MED 507, Prevention, Treatment and
Controi of Heat Injury, July 1980, published by the
Army, Navy, and Air Force. lhe physical activity
guidelines shown in Figure 2-36 are based on those used
by the three services. Note that the wear of body armor
or NBC gear adds 10° F to the WBGT, and activity

where: WB = wet-bulb temperature should be adjusted accordingly.
BG = Vernon black-giobe temperature
DB = dry-bulb temperature Figures 2-37a-d give average maximum WBGTs for
January, April, July, and October. For more information,
see USAFETAC/TN-90/005, Wet-Bulb Globe Tempera-
ture, A Global Climatology.
WATER WORK/REST
WBGT (°F) REQUIREMENT INTERVAL ACTIVITY RESTRICTIONS
90-up 2 quarts/hour 20/40 Suspend all strenuous cxercise.
88-90 1.5-2 quarts/our /30 No heavy exercise for roops with less than 12
weeks hot weather training.
85-88 }-1.5 quartsfhour 45/15 No heavy excrcise for unacclimated troops,
no classes in sun, continuc moderaic training
3rd week.
.5-1 quart/hour 50/10 Use discretion in planning heavy exercise for
unacclimated personnel.
.5 quart/hour 50710 Caution: Extremely intense exertion may causc

heet injury.

Figure 2.36. WBGT Heat Stress Index Activity Guidelines.



AVERAGE MAXIMUM
WET-BULB GLOBE
TEMPERATURE INDEX (°F)

JANUARY

' Figure 2-37a. Average Maximum WBGT--January.
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AVERAGE MAXIMUM
WET-BULB GLOBE
TEMPERATURE INDEX (°F)

APRIL

Figure 2-37b. Average Maximum WBGT--April. .
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AVERAGE MAXIMUM
WET-BULB GLOBE
JULY

Figure 2-37c. Average Maximum WBGT--July.

TEMPERATURE INDEX (°F)




AVERAGE MAXIMUM
WET-BULB GLOBE
TEMPERATURE INDEX (°F)

OCTOBEHR

Figure 2-37d. Average Maximum WBGT--October. .
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REGIONAL WINDS

Local meteorologists and laymen commonly refer to
certatin surface winds by their local names rather than by
the synoptic conditions causing them. These winds
produce moderate to severe duststorms, low visibilities,
and strong gusts over portions of the Mcditerranean coact
and Northeast Africa. They affect areas ranging in size
from 500 0 100,000 sg NM. The following sections
describe the most common local winds and their causes.

KHAMSIN. The Arabic word means "fifty,” referring
to the 50 days after Coptic Easter when this hot and dry
southerly wind occurs. In Libya, the Khamsin is called
the "Ghibli." The Sharav and Sirocco are similar
meteorologically and are discussed later. Although they
can vceur anytime between February and June, Khamsins
are most frequent dusing March and April. Khamsin
conditions (hot, extrcmely dry southerly surface winds,
low vigibility, and thick dust) develop when Allas Lows
move castward over the dry Sahara.

During intense Khamsin conditions, winds average
20-30 knots ahcad of the front and 15-30 knots behind.
Temperatures are normally 20° F (119 C) lower behind
the fron, and relative humiditics rise (rom 10-15% to
25-30%. Khamsins last for 1 to 3 days, but slow-moving
Atlas Lows may produce widespread dust conditions that
persist up to 10) days.

Khamsin visibilitics are 1/4 1o 3 miles; they vary
both dicmally and srasonally. Turbulent mixing keeps
visibilities low in the daytime. Duststorms restrict
visibilities for 5-8 hours, usuaily unil several hours after
sunset, when rapid cooling at the surface forms a
radiaticn inversion that caps airborne dust. Visibilitics
improve w 3-6 miles, Wind speeds of more than 30
knots prevent formation of the inversion.  Winier

Khamsin duststorms arc less severe than in the spring or
carly suramer.

Figure 2-38. Typical Low-Pressure System Track Creating Khamsin Conditions. "True" Khamsin conditions

are shown as hawched oval-shaped area,
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"True" Khamsin conditions occur within an
clongated oval area located parallei to the cold [ront (the
hatched area under the low in Figure 2-38). Egyplian
metcorologists define a "true" Khamsin as “"any
low-pressure system that approaches Cairo, Egypt, from
the west or southwest producing 15 to 25 knot
southeasterly surface winds." These winds are always
hot and extremely dry. The northwesterly flow behind
the front also produces widespread duststorm activity;
this is not a "true” Khamsin, but locals will probably use
the term to describe it anyway.

u';' 20* 25° i’

Deep, slow-moving Atas Lows moving eastward ‘

over the central Sahara (Figure 2-39) produce
"embedded" Khamsin conditions. In the haiched areas,
there is widespread dust and 3- t0 6-mile vigibilities, but
soil conditions determine the aciual size of the affected
area. Dust is normally less severe to the north of the
low-pressure  system, If the Atlas Low tums
northeastward at 30° E, southeasterlies intensify
Khamsin conditions along the Nile River Valley between
Luxor and Wadi Haifa.

3l5' 4o

C&il‘O. ..y

_25'

-20°

-i5*

5.

Figure 2-39. Khamsin-Type Conditions Associated With a Rare Eastward-Moving Atlas
Low. Cross-hatched zone represents "true” Khamsin conditions; hatched areas denote widespread

duststorm activity.




SHARAYV. This is a hot, dry, and dusty wind that occurs
with lows over the eastern Mediterranean Sea.
Transition periods, primarily May and Octlober, have the
highest occurrence of Sharavs, which seldom oceur from
June 0 September.

Sharavs are not identified by direction--even though
they'rc usually associated with east (0 southwest
winds--but by relative humidity and temperature change.
Specifically, the Sharev is defined by a temperature
increase of at lcast 9° F (5° C) and a relative humidity
decrease of al least 25% {rom the mean of the previous 5
days. Sharav air temperatures often reach 104° F (4(°
C) and sometimes exceed 120° F (46° C). In the Hills of
Judea, strong Sharavs can drop relative humidity to
below 10%.

Strong Charav conditions occur most commonly
with desent air moving northward in the warm air sector
of Atlas Lows or sialled Cyprus Lows. Figure 2-40
shows the normal desert low path that produces Sharav
conditions. The must severe Sharavs occur when the
surface low moves due east over the Singi Peninsula,
then tums northcast. If the upper-level trough slows
down and deepens, the low may turn noriheast early
cnough to cross the eastern Medilerrancan Sca and
prevent strong Sharav conditions along the eastem coast.

Other synoptic condilions can produce Sharav
winds. For example, a trough over thc Red Sea or
persistent high-pressure east of Israel can adv.oct hot, dry
descrt air in from the Arabian Desert. Stagnant high
pressure is the most favorable condition for persistent
Sharav conditions, which can last for 2-4 days.

D vau_!ia_n _T.:‘k

Figure 2-40. Active Storm Track For Sharav Winds. The haiched nvea represents

strong southerly flow where the most severe Sharav conditions occur,

The dzshed

arrow depicts typical storm track movement. Temperatures arc °C.




SIROCCOQO winds are similar 0 Khamsin and Sharav
winds in that they, 0o, are hot and dry southerly or
southeasterly winds in the warm sectors of advancing
lows. Air from the deserts of northern Africa, Israel, or
Syria is advected into southern Turkey. Temperatures
are over 100° F (38° C) and relative humidities drop
below 30%. The strong southerly winds normally
transport Saharan dust to 6,000-7,000 feet (1,830-2,130
melers).

Siroccos, most common in the spring, can develop ‘

with Adas, Genoa, or Cyprus Lows. The storm track
determines scverity and location.  With a decp
upper-level trough, the low moves northeast over the
eastern Mediterranean Sea, as shown in Figure 2-41.
Southerly winds average 15-25 knots and persist for 1 to
6 hours. Peak gusts are 30 w0 45 knots. After the low
passes, cold northerly flow drops temperatures as much
as 30° F (17° C); relative humidities can increase to 80%
within 2-3 hours.

.

§

Depress
\oepresin Tack,

Figure 2-¢1. Deep Trough Producing Sirocco Winds. Dashed arrow depicts typical

storm track movement. Temperaiurcs are °C.
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HARMATTAN winds are dry, dust-bearing winter
northeasterlies, They originate in the Sahara as outflow
from the Saharan and Azores Highs and average 8-12
knots over Africa during the winter. In combination with
the dry, dust-laden air, they produce "Harmattan Haze."
Severe Harmattan cpisodes occur behind strong cold
fronts with winds reaching 30-45 knots. Turbulent
surface mixing produces a thick dust haze that normally
reaches 1,000 feet (305 meters) AGL, but that can reach
10,000-12,000 feet (3,050-3,660 meters) MSL  and
cxtend southward to 5° N,

Harmattan Haze can persist {or extended periods.
Dust that reaches the surface Monsoon Trough is lifted
over it along the ITD because the dry, dust-laden air is
warmmer and less dense. Horizontal visibilities actually
increase south of the Monsoon Trough as the dust layer

is forced aloft, but slant-range visibilities are lower,
Horizontal visibilities average 3-6 miles;  slant-tange,
only 1-3 miles,

Harmattan cpisodes occur behind intense cold tronts,
mainly {rom Ailas Lows, when flow from the Saharan
High is northcasterly at 30-45 knots. Northem Chad and
western Sudan experience three 10 five strong Harmattan
episodes from January 10 May, Central and eastern
Sudan also sce Harmattan winds, but less frequently.
Severe duststorms, extremely low visibility, and high
winds occur for 12 10 24 hours. Figurce 2-42 shows the
arca aflected by a strong Harmattan (hatched area) in
relation o the Saharan High and the remnant of the cold
front (a shecar line). Figures 2-43a and b show a
Hammattan episode over Northeast Africa.

Figure 2-42.

Regional Harmattan.
widcspread dust in relation o the Saharan High.
extending from the active fron al sysiem,

The hatched arca shows the location of the

The solid line is the shcar line
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Figure 2-43a. METEOSAT Imagery of Harmattan-Produced Duststorm Over Chad and Sudan (6 March
1991, 1030Z). The most severs duststorms are southwest of Khartoum, Sudan, and in west-central Chad.  The
cloudiness cxtending across Saudi Arabia and Ethiopia into southern Sudan is from the cold fronyshear line that
moved through carlier. Satellite photo courtesy NOAA/NESDIS.
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Figure 2-43b. Surface Data: Harmattan-Produced Duststorm Over Northeast Africa (6 March 1991,
1200Z). Wind barbs without station data are satellite-derived. Duststorms/sandstorms and suspended dust
are cvident in observations throughout the area.




The HABOOB of northern and central Sudan is a strong
wind with sandstorms or duststorms produced by
individual thunderstorms or squall lines. The pame is
rom the Arabic habb meaning “wind." Conveclive
downbursts, microbursis, snd outflow boundaries

al

produce "walls of dust" and debris in advance of the
storm cell and precipitation. These "walls" may be
several hundred feet high and 1-2 NM across.  Figure
2-4¢ shows thc area in which Haboobs irequenily
develop.
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Figure 2-44. Source Region For "Haboob" Development (from Hammer, 1870), Each dot
represents the initial development of cumulus clouds from July to September of 1964 and 1965.
Development usuaily begins between 1000 and 1300L. Convection develops to the southeast and
west of Khartoum primarily due to available moisture. The walcr system feeding into the Nile

River flows through Khartoumn from the southeast.

Over 80% of al! Haboobs at Khartoum

approach the Nile River Valley from the souvtheast quadrant.

Haboobs occur mainly during the summer with the
presence ol the Monsoon Trough. Peak frequency is in
June, normally in the aftemmoon. These "walls of dust”
move rapidly ahead of the storm celi. Figure 2-8b is a
satellite view of a Haboob moving northeast from
Monsoon Trough convection. Spring and early summer
Haboob conditions last 1/2 to 2 hours; those generated
after mid-June seldom persist for more than 15 minuies
because the soil is more moist.

Weather in a Haboob is severe. Visibilities ae
usually less than /8 NM within the "wall of Aust.”
Winds average 25 to 50 knots; « peak gust of 105 knots

was rccorded at Khartoum, Sudan. Wind direction is
typically south to scutheast because Haboobs are more
likely to occur in the dry dust of the Sahara on the north
side of the Monsoon Trough Suspended dust from these
events have been cbserved at over 15,000 feet (4,570
meters).  Normal thundersiorm hazards are present.
Rainfall actually improves visibility as heavy rain
removes the dust.

Lov-level moisture is available south of the
Morsocn Trough, however, a northward surge in the
su-face *Aonsoon Trough is needed to increase the 700
mb moisture, generally to 40% or greater to sustain
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convective activity and generalc a Haboob.  These
northward surges are more likely (o occur in the early
part of the wet season as the Monsoon Tiough moves
into  the arca. Low-level moisture  availability,
orographic lifting along the Ethiopian Highlands, and tke
MTEJ all contribute 1o Haboob development.

ETESIAN winds are northerlies that occur from May
through October and affect the coastlines of western and
southern Turkey, Syria, and Israel. The Analtolian
Plateau Thermal Trough and high pressure over the
Balkans combine 0 produce thcse steady northerly
winds that can persist for 5 days. Etesian wind sirength

and (requency peak in July and August when specds
occasionally reach 30 knots.  Speeds are normally
persistent at 10-15 knots, but higher speed: result from
channcling through the istands ncar the Turkish coast.
The northerly Etesians nofmally extend up 10 6,500 feel
(1,980 meters) MSL, with peak winds around 3,300 feet
(1,000 meters) MSL. Rare northeasterly winds over
Libya suggest that Etesian winds may occasionally
penetrate that far. An Elesian regime is established after
a cold front moves through to the southeasi. Although
Etesian winds normally produce good weather, they
occasionally bring in clouds or produce duststorms
where they cross a dry desert.
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Chapter 3

THE TURKISH COAST

The Turkish Coast region comprises the western ard southera Turkish coasts below the 3,280-foot 1,00 meter)
contour. The Mediterranean and Aegean Seas form its southern and western boundaries. Alter discussing the area’s
situation and relief, this chapter discusses "general weather conditions” by season.
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THE TURKISH COAST

GFOGRAPHY. As shown in Figure 3-1a, the Turkish
Coasl region extends from the southem coast of the Sea
of Marmara south, then east to the Turkey/Syria border.
It includes the coasts of the Sea of Marmara, the Aegean
Sca, and the Mediterrancan Sea to the 3,280-{oot (1,000
meter) contour.  Its northern boundary runs from the
Dardenclles along the Sea of Marmara's southern coast
to the town of Mudanys. A suaight line joins the

SITUATION AND RELIEF

boundary to the 3,280-foot (1,300-meter) contour at
Bursa. The boundary follows this coniour south, then
east to the Turkey/Syria border, and thence along the
horder 10 the Mediterranean coast. Climatological data
summaties for selecied stations are provided by Figure
3-1b;  information for other swations is available in
USAFETAC/DS-89/035, Station Climasic Swnmaries,
Asia.
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Figure 3-1a. The Turkish Coast. The Turkish Coast (in dark shading) extends from the northwestern coast of

Tu..cy 10 the Turkey/Syria border.
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THE TURKISH COAST SITUATION AND RELIEF

STATION: ANTALYA TURKEY

LAT/LON: _ J0SI N 2042 B __  KLEV: 138 4T __
RLEMENTS JAN | FEB PIAR APR [HAY {(JJub Jbb 'AUG SEP {OCT | WOV | DEC ANN ‘
XTRM MAX 75 19 82 323 102) 107 110' 112] 108¢ 102§ 01 74 112
AVG MAX 59 60 84 70 77 82 83 a7 80 71 82 T8
AVG MIN 43 4 417 82 89 73 73 67 80 52 46 56
XTPM MIN 18 24 30 3e 43 59 57 51 44 32 28 18
AVG PRCP 9.7 6.3 3.* 1.7 1.3 1| 0.1] 0.5] 2.0f 4.1110.9 40.68
MAX MON 24.1/19.4)11.31 7.21 7.8 3| 2.0 3.0|14.0116.1{26.0| 64.8
TS DAYS 4 k] V4 4 4
® = LEBG THAN 0.05 INCHES
BTATION: CANAKKALE TOIURY
LAT/LON: 40 08 N 28 24 K ELEV: 10 FT _
ELEMENTS JAN |FED jMAR [APR [MAY [JUN [JUL |AUG |SEP [OCT |NOV |URC ANN
XTRM HAX 88 70 .3} 87 9 -1 99 102 + a8 82 72 1102
AVG MAX 49 50 54 83 12 a1 a7 7 79 T0 &1 53 87
AVG HIN 37 7 k}:] 4% 33 60 (-1 85 66 53 48 41 50
XTRM MIN 12 11 1%4 29 38 44 50 49 4) 34 1¢ 13 11

WILICO, wianlem
]l jwlNie
-

AVE PRCP | 3.8 2.8] 2.7 1.5 1.1] 1.0] 0.4| 0.4] 0.8l 1 9| 3.3] 3.8]24 ©
THAX MON 8.0{ 6.2 6.4, 2.9| 2.8 4. 4| 1.6] 2.8( 6.8( 6.8] 8.2 7.2133.1
8NGO DAYS 1| 2] 1 | 1 i j 1] 5
MAX DEP 6.0 9.4 9.4 1.6 0.4 8.0f 7.4
Y8 DAYS 2] 1 1 2] 2] 1 1 2| z | 2| 1e

1
FOR DAYS M 1 1 * . ¥ [\
HZ /64K i 2 2 [ 3 2 “ 2 2 3 J | 2 28

1
.
L2l
* : LESS YKAM O 05 INCHES Ok LESS THAM 0.5 LAYS
STATION: IMCIRLIK AB,

LAT/LON: 37 QO N 35 28 K KLEV: 232 FT ___
KLEMENTS _|JAN | FEB [MAR |APB [FAY |JUN |JUL |AUG |B&P |OCT (WO | DEC | AMN
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AYG MAX 50 | 60 | 66 | 74 | 81 | 50 | ®3 | 96 | 9t | 83 | 72 | 62 | 77
AVG HIN A1 [ 42 1 46 [ 52 [ so {65 [ 71 [ 71 [ 66 | 69 | 81 | 45 | 86
XTRM MIN | 17 | 20 { 20 | 32 | 41 | 46 | 52 | 58 | 48 | 38 | 24 | 24 | 17
AVG PRCP | 4 5] 3.4) 3.1) 24] 2.4] 0.9] 0.2] 0.1] O8] 1.2] 1.7] 6.3] 25.6
| Az mow 9. 9(10.5( 5.1] 6.3 7.9] 4.5 1.3{ 1.8] 2.7] 3.4 6.6{13.4; 35.1
max LY T2 0] 1.2{ 1.8 3.51 4.8 20/ 1.3 1.8] 2.6 2.2| 3.4] 3.8] 4.5
35 nars 2| 2 3 31 s 3{ 3] 3| 2| 3[ 2| 2| ew
704 OAYB 2] 3] 3] 4| «| 61 8} 1 2 ' 2] a8
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M
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AVG WAX 54 | 56 | 61 | 68 | 78 | 87 | 92 | 92 | 84 | 76 | 66 | 5B | 713
AYG HIN 40 | 42 | 44 | 50 | 58 | 65 | 70 | 70 | 63 | 57 | 61 ] 45 | 85

XTRM MIN | 15 | 17 [ 25 | 32 ] 40 | 49 [ 52 [ 53 [ «2 | 38 | 27 | 21 | 15
AVG PRCP | 5.3{ 42| 28] 1.8 1 5 03] 0.1] 6.1] 0.6] 1.9] 3.4} 5.6[27 7
MAX MON (15 6111.7]12 0] 7.2] 4.6 1.9] 2.4] 0.8/ 4115 8/10 3[14.1]44.0
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Figure 3-1b. Climatological Summaries for Selected Stations on the Turkish Coast. Thesc
summarics arc based on scveral references covering different periods of record from 10 10 50

years,
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THE TURKISH COAST

Turkey
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SITUATION AND RELIEF
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Figure 3-2. Topographical Features of the Turkish Coast. The shaded areas denoic arcas

above 3,280 feet (1,000 meters).

TOPOGRAPHY. As shown in Figure 3-2, the Aegcan
Sca and the Sea of Marmara ccastal plains, which vary
from 50 0 175 NM wide, comprise 80% of the area.
Stecp. clongaled ndges extend from the Anatolian
Platcau westward to within SO NM of the coast. Ridges
average 3,300 feet (1,005 meters), but reach o 8,000 fect
(2,440 meters). Large river valleys that scparate the
parallel ridges average 7 NM in width and extend 130
NM east from the Acgean Sea. The Menderes and Gediz
Vallcys arc the largest.

Turkey's Mediterranean coastal plains are extremely
narow, averaging less than 4 NM in width. They
paralict the Taurus Mountains, which rise o 7,000 feet
(2135 meters) within 17 NM of the coast.  The highest
peaks reach 13,000 feet (3,960 meiers) ncar Adana.
Sceveral large coastal valleys run injand from the coast.
The Pamphylia Plain, about 80 NM long and 100 NM
wide. surrounds the Gulf of Antalya. The Cicilian Plain
extends 130 NM around the Gulf of Iskenderun’s coast
and 140 NM inland. The Orontes River Valley, near the
Syrian border, extends 43 NM inland and swreiches 13 0
17 NM along the coast.

RIVERS AND DRAINAGE SYSTEMS. Numerous
permanent rivers and streams flow from the Anatolian
Plateau’s lakes, springs, and ponds, as weli as from the

snow-capped Taurus Mountains. The major rivers are
over 175 NM long. They cut narmow valleys that dissect
the mountainous interior. Many smaller strcams descend
from the mountains and form tributaries within the major
systems. The Gediz and Menderes Rivers, flowing
westward into the Acgean Sea, arc the nost exiensive
sysiems. The Isparta and Kopru Rivers run through the
Pamphylia Plain. The Seyhan and Ceyhan Rivers flow
through the Cicilian Plain. They all drain into the
Mediterranean from the highest peaks in the Taurus
Ranges. The Orontes (or Asi) River is the only river of
significance in the extreme southeasi.

LAKES AND RESERVOIRS. Most lzkes and
reservoirs are in Turkey's wesiern sections. The largesi,
Kus Lake and Lake Ulubat, have a combined surface area
of over 85 squarc milcs and are within 13 NM of the Sca
of Marmara. Lake Seyhan and Leke Amik are the only
major {resh water lakes along the southeasiern coasts.
The Gediz, Adiguze!, and Kemer Reservoirs are
man-made flood control waierways within the Gediz and
Menderes river sysiems.

VEGETATION. Mediterrancan scrub and  grasses
abound. Ciuus and cotton are the chief cash crops.
Evergreens, spruce, and mountgin shrubs dominate or
the moist, cool valley . ~pes.
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THE TURKISH COAST
WINTER

GENERAL WEATHER. Genoa and Cyprus Lows
affect the Turkish Coast region cvery 3 to 7 days, causing
heavy rainfall, thunderstorms, and/or srow. The Asiatic
High causes northeasterly flow into the Sea of Marmara.
Scverely cold air masses move south from the Asiatic
High once or twice a winter.

SKY COVER. Noctrnal stratus forms during fair
weather oiff the Aegean and Meditcrranean coasts. Bases
arc 3,000 10 5,000 fect (915 10 1,525 meters) wops extend
to 7,000 fect (2,135 meters) MSL. These clouds blow

Gecember-February

inland with the sea breeze and form stratocumulus aiong
seawurd-facing slopes. Heating and orographic upiift
further enhance cumulus development over ridges until
cloud tops reach 13,000 feet (3.960 meters) MSL. The
stratus along the Sca of Marmara coast is lowcer duc to
the persistent cold onskore flow; bases are 200 w0 1,(X0
feet (60 to 305 mcters), and tops are 4,000 feet (1,220
meters) MSL.  As shown in Figure 3-3, ceilings below
3,000 feet (915 meters) occur most frequently near the
Sca of Marmara, and inland of the Aegean coast.
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3. Meun Winter Frequencies of Ceilings Below 3,000 Feet (915 meters), Turkish Coast.
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THE TURKISH COAST
WINTER

Mcan cioudiness reaches its peak during winter,
mostly due to transitory lows. Cloudiness inland of the
Acgean coast and near the Sca of Marmara averages
05 75%, while  the Medilerrancan  coast  averages
50-60%. Lows moving along the southern Turkish coast
produce dense cloud cover about 14 times each winter,
Orographically lifted stratus or stratocumulus hide thick
layers of mid- and upper-level cloud cover from a
ground-based observer.  Bascs are normally between
2,500 and 4,000 feet (760 and 1,220 meters), but may be
as low as 1,500 feet (455 meters). Tops of layered clouds
extend 10 20,000 fecet (6 kim) MSL.

Lows moving into the Black Sca spread fewer clouds
over the region than the lows that move along the
southern Turkish coast. Warm scctor stratocumulus and
cold front cumulus are the main ltow-level cloud types.
Bascs are between 3,000 and 4,000 feet (915 and 1,220
meters). Considerable mid- and high-level clouds may
also be present with tops to 18,000 feet (5,485 meters)
MSL. With cither type of low, ceilings can go below
SO0 feet (150 meters) with heavy precipitation.  Thin

Decvember-February

cirrus occurs near jet streams and irom thunderstorm
blow-off. Bases are above 18,000 feet (5485 meters)
and tops are as high as 40,000 feet (12 km).

VISIBILITY. Fog is common throughout the region in
winter, especiaily along the Aegean Cea and Sea of
Marmmara coasts where visibilities belo.; 3 miles arc most
common. Radiation fog forms in fair weather with light
winds between (0600 and 0800 LST, bwt normally
dissipates by 1300 LST. Sea fogs move inland with the
sc breeze or strong synoptic flow, occasionally lasting
for days and extending well inland through the mountain
valleys. Stratus obscures the higher ridges.

Low visibilities along the Mediterranean Coast are
produced by precipitation. Steady rain, drizzle, or even
snow reduccs visibility to below 7 miles; with fog, to
below 3 miles. Snow can reduce visibility to below a
milc. Heavy rain showers and thunderstorms (in the
wann sector or with cold fronts) can lower visibilities to
between 2 and 6 miles for brief periods.
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Figure 3-4. Mean Winter Frequencies of Visibilities Belc + 3 Miles, Turkish Coast.
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THE TURKISH COAST
WINTER

Strong southerly winds or siroccos ahead of very deep
lows suspend large amounts of dust {rom the Sahara,
This dust lowers visibilitics 10 less than a mile about
once a winter. It is common to observe a reddish haze
aloft at 20,000-foot (6-km) MSL.. Surface haze rarcly
reduces visibility o below 3 miles, but it is oficn
reported at Fzmir in the 3-6 mile range. Haze and fog are
common there because its fjord-like inlet traps pollution
and marinc moisture under a low-level inversion with
high-pressure stagnation.
obscuration, but it is observed most {requently along the
Sea of Marmara coast to an area south of Balikesar;
visibility rarely drops o less than 3 miles.

WINDS. The extensive river valleys and mountain
ranges along the Anatolian Platcau gencrale strong
mountain/vallcy  circulations. These  mountains,
combincd with a very irregular coastline, causce the high

Figure 3

Smoke is a rare source of

December-February

variabilities in speed and disection shown in Figure 3-5.
The platcaus are large-scale sources of cold air; they
provide valleys with cold air drainage throughout the
day. This is most striking at Silifke, where an extensive
valley system cxtending to the northwest dominates
winds,

The land/sea breeze circulation affects most of the
coast.  Large-scale outflow from the Asiatic High
gencrates persistent northeasterly surface flow along the
Sea of Marmara’s southeastern coasts. Northcasterly
flow converges with westerlies near 40° N, while the
northeasterlies curl southward around the plateau and
into the northern Aegean Sea. Mean speeds arc § to 10
knots; the northeasterlies are stronger at 7 to 13 knots.
The highest recorded wind speed (56 knots from the
NNW at Antalya) was due to an cxceptionally strong
low.

Turkey

Wind Speed in Knols
1-6 7=16 17-

[
Fcumo('l'uqzu‘: cy

-5. January Surface Wind Roses, Turkish Coast.
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THE TURKISH COAST
WINTER

Above 850 mb, the prevailing synoptic {low is
westerly at 20 knots. Figures 3-6a-b give upper-air wind
dircciions at three levels.  Isparia is in the Atlas
Mountains just north of ihe region al an eicvation of
3,270 feet (997 meters).  An 8,000-foot (2,440-meter)

December-February

ridge separates it from the coast and affects its 5,000-foot

winds. Winds above this level  are  probably
rzpresentative of  the  Mederrancan coast’s

predominanily westerly fow. Maximum specds of 60
knots are found around 35,000 feet (10.5 km),
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Figure 3-6a. Mean Annual Upper-Air Wind Directions, Isparta, Turkey.
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THE TURKISH COASY
WINTER

PRECIPITATION, As shown in  Figwe 3-7,

precipitation is greatest in carly winter; in December, 11
inches (280 mm) of rain falls along the southwest
Turkish coast, which is affccled by both Genoa and
Cyprus Lows. Precipitation amounts decrease from west
to east along the southemn Tuerkish coast as fewer Cyprus
lows penetrate eastward into the Guif of Iskenderun.
Mean precipitation also decreases south to north along
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§.5 813.1 BalTkesar Inohesteceloealons
* TR *" DeclJdan[Feb
4.1/3.613.2
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N lﬂtai_l_ Pab
- Dec |Jan|Febi
-ﬁ 10.9 9.7|6.3é;.,*%
36°N )’
27K KMediterignean Sea

December-February

the westem Turkish Coast. Cyprus Lows do not affect
this area, and 80% of lows which do affect it move
quickly into the Black Sea, where they bring rain for 2
days or less. Figures 3-8a-b illustrate those situations
that causc the heaviest precipitation. Lighter
precipitation occurs with lows tracking along the North
African Coast.

Figure 7. Mezu Winter «fonthly Precipitation, Turkish Coeast,

39




THE TURKISH COAST
WINTER December-February

Figure 3-8b. A Favored Track for ieavy Precipitation along the Southern Turkish Coast.
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THE TURKISH COAST
WINTER

Snow falls on Icss than 1 day a year along the
Mediterrancan coast. It is morec common along the
Acgean coast, wherc it falls on 5-10 days a winter,
normally above the 3,000-foot (915-meter) level. Snow
falls about 13 days a winter in the plains and hills just
south of the Sca of Marmara.

O 'o:’o e ) ' )
e l"l!lfl<- Euraa
400“_ . . Dec|Jan|Feb
Canakkale 11 & 1
fDec!Jan|Feb: -
Ziﬁallkesar
Jan|Feb

L

December-February

Winter thunderstorms are associated with cold fronts,
most [frequently along the southwest Turkish coast,
which sees 15 to 20 thunderstorm days. The average
drops away (rom this area, with 9 thuaderstorm days in
the cast and 3 to 6 days in the north, Tops do not
normally cxceed 40,000 fect (12 ki) MSL.

Month: Dec|Jan]|Feb
## Storms:.eeleselons
# ijs less than 0.5 days

L

[Jan|Feb
21

Adana”

Figure 3-9. Mean Winter Thunderstorm Days, Turkish Coast.
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THE TURKISH COAST
WINTER

TEMPERATURE., Winters are mild. Mean daily
highs, as shown in Figure 3-10, are between 47 and 64°
F (8 and 138° C). Temperatures are lower near the Sea of
Marmara. Record highs range from 69° F (21° C) at
Mugla to 81° F (27° C) at Silifke, along the
Mediterranean coast. Daily lows range from 33 to 50° F
(1 to 10° C). When the Asiatic High is strong, bitterly

December-February

cold air affects the region. Temperatures are well below
freezing even after air warms adiabatically as it descends
the Anatolian Plateau and mixes with warmer maritime
air from the coast. Exampies are the record lows of -8° F
(-22° C) at Balikesar, 6° F (-14° C) at Antioch and 26° F
(-3° C) at Iskenderun.
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Figure 3-10. Mean Winter Daily Maximum/Minimum Temperatures (F), Turkish Coast.
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THE TURKISH COAST

SPRING
GENERAL WEATHER. As the Azores High
strengthens  snd  inoves  north, favored arcas  for

cyclogenesis shilt from the Medilerranean 10 the Atlas
Mounltains in North Africa. Atlas Lows, which typically
move over the eastern Mediterrancan and into the Sea of
Marmara, bring drier ai* to the Turkish Coast; wind
speeds are 10 to 15 knots stronger.,

SKY COVER. There is a gradual decrease in cloud
cover during the spring. March cloud cover patterns are
similar to winter’s, but by mid-May, mean cloudiness
decreases by almost 25%. As shown in Figure 3-11,
northwestern locations have higher frequencies of
ceilings below 3,000 fcet (915 meters) because they are
cxposed to moist northeasterly flow that produces stratus.
Diurnal stratocumulus and cumulus are common during
fair weather periods, when bases are between 2,500 and
4,000 feet (760 and 1,220 meters) and less than 2,000
feet (610 meters) thick. Stratocumulus forms when cold
air drainage from the Anatolian Flateau moves over
warmer coastal waters. After sunrise, the sca breeze
reverses the flow; the stratocumulus moves inland and
devclops into fair-weather cumulus.  Orographic uplift
produce.. cumulus along the windward ridges of coastal

.

E-{T Y 1 S . s
ot amauc’__’
, %andiria
05111
9|1 9

Canakkale 17
05111117 gg - 6,
W3 ar &
ol O \
Diki
051 1
1

March-May

ranges. Fair-weather morning stratys forms along the
northern coast; bases are between 400 and 1,000 feet
(120 and 305 meters) and ‘ops are below 1,500 feet (450
meters) MSL.

The cloudicst days on the Mediterruncar coast occur
when a March Genoa Low or an April-May Atas Low
moves through the eastern Mediterranean basin,
Muitilayered clouds form, with bases as low as 1,000
feet (305 meters) and tops to 45,000 feet (13.5 km) MSL.
Atlas Lows that travel northeastward into the Black Sea
and the Soviet Union are relatively cloud-free. Cumulus
and cumulonimbus, with 2,500- to 4,000-foot (764- to
1,220-meter) bases and 25,000-foot (7.5-km) MSL tops,
form zhead of and along the cold front. Stratocumulus
forms in the warm sector as North African air moves
over the Mediterranean Sea and thickens due to
orographic uplift along the western Taurus Mountains.
Bases range from 2,500 to 4,000 feet (760 to 1,220
melers); tops arc less than 6,000 feet (1,830 meters)
MSL. Mid- and upper-level clouds occur when an
upper-levei trough imposes itself on the Atlas Low.
Extremely low ceilings (500 feet/150 meters) occur
during heavy showers and thunderstorms.

Hour:05] 11| 17LST

® is less than 0.53%
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Figure 3-11. Mean Spring Frequencies of Ceilings Below 3,000 Feet (915 nseters), Turkish Coast.
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THE TURKISH COAST
SPRING

VISIBILITY. The effects of migratory lows on fog and
precipitation intensity weaken steadily. Frequencies of
visibilities below 7 miles decrease; fog is the primary
visibility restriction. Radiation fog forms between 0500
and 1200 LST with light winds and swagnant high
pressure; visibility is below 3 miles if enough moisture is
present. Sea fog is possibie in early spring, but is less
frequent when sea surface temperatures rise by late May.
Sca fogs develop near the Mannara and riorthern Aegean
Sea coasts and can persist until the prevailing synoptic
flow clears out the stagnant air mass. Thick fog may
form ahead of warm fronts or behind cold fronis when
temperature changes are abrupt and the air masses are
moist, bui visibilities rarely drop below 3 miles. Thin
stratus obscures higher ridges.

March-May

Precipitation restricts visibility in spring, but less
frequertly by May. Genoa or Atlas Lows that track
through the eastern Mediterrancan basin usually produce
3- to 7-mile visibilities in steady rain or drizzle.
Visibilities can go below 3 miles if precipitation
combines with fog. Rare spring snow squalls can reduce
visibility to less than a mile. Heavy rain showers and
thunderstorms along cold fronts or in the sea breeze
convergence can lower visibilities to 3 miles for brief
periods. Most visibilities below 3 miles occur along the
Sea of Marmara coast and inland from the Aegean coast,
as shown in Figure 3-12. Southemn Turkey rarely sees
visibilities below 3 miles.
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Figure 3

Dust, haze, and smoke are rare, but southerly flow
from Atlas Lows brings in dust from North Atrica on |
or 2 days each spring. Blowing dust from intensc Atlus
Lows may lower visibilities to less than a mile. Dust
aloft can remain suspended for several hours up W
20,000 feet (6 km) MSL, producing a reddish haze.
Rainfall mixing with this haze causes “red rains.” Haze

-12. Mean Spring Frequencies of Visibilities Below 3 Miles, Turkish Coast.

and smoke reduces vigibility to 3 to 6 miles only when
enhanced by local lopography and urbanization. Haze is
common at lzmir, on a fjord-like inlet. Smoke, which
accumulates under inversions in stagnant air masses, is
common in the industrial and agricultural areas between
the Sea of Manmara and Balikesar.
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THE TURKISH COAST
SPRING

WINDS. Flow is consistently southwesterly at 5 io 10
knots except on the immediate Sea of Marmara coast,
where winds are northeasterly at 8 to 13 knots. Winds are
strongest in March Siroccos, when speeds up o 55 knots
are possible. Large-scale warming on the Anatolian
Plateau lessens ccld air drainage and mountain wind
strength. Land/sea and mountain/valley breezes are
well-defined during spring except along the Sea of

March-May

Mamara, whcre Asiatic High outflow still dominalcs.
Figure 3-13 provides April surfacc wind roses.

The springlime winds aloft shown in Figurc 3-6 skifl
to summer’s northwesterly flow by May between 5,000
and 20,000 feer (1,525 and 6,100 meters) MSL. Peak
speeds (40 to 50 knots) are near 35,000 feet (10.5 km)
MSL.

iskenderun

Figure 3-13. April Surface Wind Roses, Turkish Coast.
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THE TURKISH COAST i
SPRING March-May |

PRECIPITATION. As the Genoa Low storm track  Genoa or Atlas Lows wracking along the Mediterranean ‘
gradually migeates northward, mean precipitation  coast produce heavy rain, drizzle, or even snow.
decreases across the area, as shown in Figure 3-14.

Month: Mar|Apr|May
Inches:.eeleaalens
® iy less than 0.05 inches

Iskenderun
Mar|Apr|May
2.712.0

Figure 3-14. Mean Spring Monthly Precipitation, Turkish Coast.
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"THE TURIKKISH COAST
SPRING March-May

The entire region averages between 3 ard 11 spring  hall or more of their spring thunderstorm days in May.
thunderstorm days, as shown in Figure 3-15. Thuuder-  The strong winds from Adas Lows induce orographic
storm frequency increases to a yearly maximum in May  showers and thunderstorms near the Taurus Mountains.
or carly June as intense surface heating enhances  Rain showers and thuadesstorms may form along the
frontally produced thunderstorms. Muny stations record  sea-leeeze front,
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Figure 3-15. Mean Spring Thunderstorm Days, Turkish Coast.
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THE TURKISH COAST
SPRING

TEMPERATURE. Mean daily highs, given in Figure
3-16, range from 54 1 81° F (12 to 27° C).  Highest

temperatures (93° F/24° C at Canakkale and 109° F/
43° C at Aatioch) occur in May. Temperatures can risc
suddenly into the 90’s® F (32 to 34° C) in late March
when an Atlas Low brings extremely hot and dry Saharan
region;

air  (Sirocco) into  the extremely high

March-May

temperatures may persist for 1 to 3 days. Mean daily
tows range from the high 30°’s° F (3° C) io the low 60’s°
FF (16° C). Temperatures are scldom below freczing alicr
mid-April.  Record lows include 17° F (-8° C) at
Canakkale, 34° F (1° C) at Anamur, ant 23° F (-5° C) at
Adana.
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-16. Mean Spring Daily Maximum/Minimum Temperatures (F), T'urkish Coast.
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THE TURKISH COAST
SUMMER

GENERAL WEATHER. Weak cyclonic activity,
diurnal convection, and the Etesian winds are now in
control.  Although the summer storm track is displeced
over northem Europe, upper-air disturbances vcach the
Turkish Coast on 1 t0 2 days a month and touch off
isolated showers and thunderstorms,  Thunderstorm
activity is enhanced by strong daytime surface heating
and a well-defined sea-breeze circulation. The sca breeze
supplies the moisture for orographic showers along the
Taurus Mountains, The Anatolian Plateau Thermal
Trough produces a persistent northerly gradient {flow (the
Etesian, which see) in July and August.

SKY COVER. OCnly one weak low a month crosses the
region. Diumal cumulus provides most summertime
cloud cover. Mean summer cloud cover averages about
30% along the Marmara coast and in the southeast, but
less than 10% in the southwest. Ceilings below 3,000
fect (915 meters) are rare during summer; as shown in
Figure 3-17, they are reported less than 6% of the ume,
normally near sunrise. Elesian winds enhance the
stratocumulus and fair-weather cumulus that develops
along the Sea of Marmara coast. Stratocumuius develops

[* . Y . gsa of . . . j
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0N LKk ‘iBand'ir‘ia
Canakkale 05111117
05111717 % 31 1l ®
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26N 4 AN [
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June-August

from moming stratus with bases at 200 to 1,000 fcet (60
¢ 305 meters), and is seldom more than 300 feet (90
meters) thick. The sea breeze along the southern coast
enhances the [fair-weather cumulus associated  with
orographic uplift.  Stratocumulus and fair-weather
cumulus bases are between 3,000 and 4,000 feet (915 and
1,220 meters), but stratocumulus bases may form at
1,500 feet (455 meters) along the southern stopes of the
Taurus Mountains; tops go to 12,000 fect (3,655 mcters)
MSL.

Middle and high clouds form with weak summcr
disturbances and jet streams that produce thin cirrus with
20,000-foot (6-km) MSL bases. Rare cold fronts and
upper-level disturbances may produce {rontal cumulus,
towering cumulus and cumulonimbus. Typically, cloud
bases are in the 3,000- to 6,000-fcot (915- 1o
1,830-meter) range. Cumulus tops reack 15,000 feet
(4,570 meters) MSL, but towering cumulus and
cumulonimbus may reach 50,000 feet (15 km) MSL.
Cloud bases are near 500 feet (150 meters) in hcavy
downpours.
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Figure 3-17. Mean Summer Frequencies of Ceilings Below 3,000 Feet (915 meters), Turkish Coast.
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THE TURKISH COAST
SUMMER

VISIBILITY. Visibilities atter June are generally good.
Figure 3-18 shows that summer visibilities below 3 miles
arc rare. Greatest low-visibility frequencies occur along
the Sea of Marmara coast south tn Balikesar and around

June-August

visitilities, but with June cyclonic activity, heavy
precipiiation can reduce visibilities to between 3 and 7
mites. Rain showers and thunderstorms along sca-breeze
fronts also lower visibilities. June migratory lows cause

Adana. Moming radiation fog causcs most poor  most visibility reductions in precipitation.
. L ‘sﬁ al S MR
Tapsrmars
-40°N 2K andirma Hour305| 11[17LST
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Figure 3-18. Mean Summer Frequencies of Visibilities Below 3 Miles, Turkish Coast.

Dust, haze, and smoke are rare, Local microbursts
from thunderstorms or sea-breeze gusts in open beach
arcas may transport dust or sand, but visibilities rarely go
below 6 miles. Rare June Atlas Lows can bring in North
African dust. Haze and smoke rarely reduce visibilities
to less than 3 miles. Izmir is most likely to report haze
with 3- 1o 6-mile visibilities because of its topography,
urbanization, and large-scale stagnant air problems.
Smoke is confined to the industrial and agricultural areas
between Canakkale and Golcuk, and south to Balikesar.

WINDS. Etesian northerly surface flow at 10 1o 15
knots dominaics the western and southwestern Turkish
Coast between mid-July and mid-August. These winds

penctratc southward to the wesiern Mediterranean Sea
coast, bul the Taurus Mountains block direct northerly
flow cast of Antalya. Tight surface pressure gradients
between the Anatolian Plateau Thermal Trough and the
Balkan High produced the highest recorded summer
wind gusts (31 knots from the NE at Canakkale and 42
knots from the NNE at Izmir). The prevailing northerlies
almost compleiely overpower Lhe land/sea breeze west
and north of Anatalya, except at Dikili. At stations east
of Anaialya, pronounced land/sea and mountain/valley
circulations overcome the prevailing north-northwesterly
flow. Summer winds at Izmir and Anatalya, because of
the rugged terrain, are almost the same as in winter, but
speeds are less, Scc Figure 3-19.
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THE TURKISH COAST

SUMMER June-August
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Figure 3-19. July Surface Wind Roses, Turkish Coast.

As shown in Figure 3-6, summer winds aloft are  westerly at higher levels. Peak speeds, about 6C knots at
northwesterly below 20,000 feet (6 km) MSL, backing to 40,000 feet (12 km) MSL, are highest in the summer.
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THE TURKISH COAST
SUMMER June-August

PRECIPITATION. Summer is the driest scason. As  than 0.3 inches (8 mm) a month. In July and August, ‘
shown in Figure 3-20, precipitation averages less than  rainshowers are isolated. The most rain falls south of the
1.3 inches (32 mm) a month, and many locations get less  Taurus Mountains above 1,600 feet (485 meters).

-
. Month: Jun|Jul |Aug
_C_a!.‘_.a_k.'}-i‘-—l—% Inches:-nolcoolon-
J Jul jAug" - ' ‘ ' -
0‘:'9‘{0‘.“ T.% *Balikesa:& ® i3 less than 0.0% inches
- Jun|Jul|Aug
1.0/0.45[0.3
YT
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0.6 O.Ziooj} 0.6 _0'1 007

Figure 3-20. Mean Summer Monthly Precipitation, Turkish Coast.
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" THE TURKISH COAST
SUMMER June-A\ugust

. Figure 3-21 suggests that, except in protecied areas  Platcau due o the orographic uplift of moist sea breczes.
such as {zmir, there are between 4 and 7 thunderstorm  Also, Etesian winds cause a thunderstorm increase along
days a summer. Thunderstorm aclivity is concentrated the Sea of Marmara coast. Occasionally, a wrak
along the Taurus Mountains and  western Anatolian— spper-level disturbance triggers squall lines.
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Figure 3-21. Mean Summer Thunderstorm Days, Turkish Coast.
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THE TURKISH COAST
SUMMER

TEMPERATURE. As shown by Figure 3-22,
southwest Turkey is the warmest part of the region
during the summer. Mean daily highs range from 81°F
(24° C) 10 94° F (34° C). Record highs exceed 100° F
(38° C) everywhere, and Adana’s 114° F (46° C) is the
region’s highest temperature. Mean daily lows range
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from 53° F (12° C) t¢ 77° F (25° C}. The lower range of
these lemperatures is confined to the Sea of Marmara
coast where Etesian winds moderate coastal
temperatures. Record lows are 39° F (4° C) at Balikesar,
49° F (9° C) at Adana, and 59° F (14° C) at Iskenderun.

Month:  Jun|Jul [Aug
Mean Max:.eoleeoloes
Hean Min:... L ) . e

Figure 3-22. Mean Summer Daily Maximum/Minimum Temperatures (F), Turkish Coast.
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THE TURKISH COAST
FALL

GENFERAL WEATHER. A large-scale rough centered
over the Mediterrancan Sca foims between the Azores
and Asiatic Highs, and dirccts fate-fall cyclonic storms
through the Mediterranean basin. Polar air surges, heavy
rains, and snow reach the Turkish Coast by late October.

SKY COVFR. Mean cloud cover increases by about
30% during the fall as more lows (either Atlas or Genoa),
migrate through the region. Cyclonic activity produces
multilaycred clouds.  Lows moving northcastward
through the Sea of Marmara usually form thicker
cumulus, towering cumulus, and cumuionimbus within
50 0 100 NM of the low-pressure center. Cloud bascs
arc 3,000 to 6,000 feet (915 to 1,830 meters), with
towering cumulus and cumulonimbus tops reaching
45,000 feet (13.5 km) MSL. Bases may lower to 500
fect (150 meters) in heavy showers.  Cirrus and
altocumulus provide upper cloud cover. Cirrus is thin,
forming above 18,000 fect (5,485 meters) MSL;
altocumulus forms between 8,000 and 16,000 feet (2,440
and 4,875 meters) MSL. If the low moves over the

Septembeor-November

castern Mediterranean Sea, these clouds form up 10 200
miles (rom the low’s cemer. Bases are usually lower,
between 1,000 and 3,000 feet (305 and 915 meters).
Thicker clouds become more common by November
with Auas Lows. In November, cool Acgean and
Mediterranean Seas and warm North  African air
advection  enhance  these  lows’ warm-front
stratocumulus.

Stratocumulus is common on Turkey’s southern coast.
Cold air drainage from the Anatolian Plateau or coastal
Taurus Mountains flows offshore over the warmer water
between 0400 and 0700 LST and forms stratocumulus
that moves onshore with the sea breeze. The
stratocumulus, with bases between 400 and 1,000 feet
(120 and 305 mecters), is lified orographically L, 1100
LST until its tops reach 3,000 to 4,000 feet (915 to 1,220
meters) MSL, Ceilings below 3,000 feet (915 mcters)
incrcase in late fall in the northwestern corner of the
region as lower stratocumulus is advected onshore. Sec
Figure 3-23.
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Figure 3-23. Mean Fall Frequencies of Ceilings Below 3,000 Feet (915 meters), Turkish Coast.




THE TURKISH COAST
FALL

VISIBILITY. Fall visibilities are generally good, but
they go below 7 miles slightly more frequently between
the end of summer and October. The frequency of
visibilitics below 3 miles incrcases another 10-20% north
ol Mugla in November. Moining radiation fog, the
primary fall visibility restriction, often drops visibilities
o less than 3 miles. By late October, increasingly
intense frontal and migratory low precipitation also
reduces visibilities below 3 miles. Local topography that
enhances synoptically-caused restrictions is another
cause of visibilities below 3 miles.

September-November

Warm {ronts cause advection fog in November when .

the land surface is co!d, especially on the westem
Turkish Coast if the warm sector airmass is moist and
slow-moving. Sca fogs form aiong the Sci of Marmara
during weak synoptic flow.  Rain showers  and
thunderstorms occurring with cyclonic activity may
lower visibility to less than a mile for periods of less than
an hour. Visibility in steady rain, drizzle, and snow
squalls is usually 5 to 7 miles, but 3 miles when
combined with fog. Rare November snow squalls can
reduce visibility to less than a mile.

, ‘ ST O —————0 e —
Tnelarmatag ™
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Figure 3-24. Mean Fail Frequencies of Visibilities Below 3 Miles, Turkish Coast.

Dust, haze, and smoke are rare. Allas Lows and
thunderstorm gust fronts produce blowing dust and sand
if the winds are very strong (greater than 25 knots};
visibility can drop to less than a mile. Haze forms with
lighter winds. Dust persists at 20,000 feet (6,100 meter)
MSL after a strong Alas Low, producing a rcudish haze.,

Haze and smoke rarely reduce visibilities to below 3
miies. Izmir consistently reports haze between 3 and 6
NM because local terrain traps industrial smoke and
marine moisture between elevated ridges. The industry
and agriculture between Canakkale and Golcuk and then
south (o Balikesar produces a rare report of smoke.
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FALL

WINDS. The flow along the western coast of Turkey
transitions from the summer Etesians in mid-Sepiember
o north-northwesterly flow from the strengthening
Asiatic High, channeled by terrain into the Aegean Sea.
This north-northwesterly flow seldom penetrates south of
38° N in the fall. The Taurus Mountains shelter the
southern Turkish Coast from this flow; synoptic flow

(originating {rom the Azores High) is southwesterly in
this area. The two distinct flow patterns meel between
Wind speeds over the entire area

Bodrum and Silifke.

September-November

are about 5 to 10 knots. Land/sea breczes are less
pronounced in the fall, especiaily in thc northwest,
Drainage winds from the Anatolian Plateau and Atlas
Mountains increase and channel down the valleys, as
shown by the wind roses ‘n Figure 3-25.

During the fall, winds aloft shifi back to westerly
above 5,000 feet (1,525 meters) MSL as the storm track
moves south (see Figure 3-6).

7\

Iakenderun

Figure 3-25. October Surface Wind Roses, Turkish Coast.
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CRECIPITATION. The mean  (all  precipitation
amounts shown in Figure 326 reflect  increasing
Nevember cyclonic storm frequencies.  Lows iracking
i e castern Mediterrancan cause exiensive ureas of
ram and drizzle Rain showers and thunderstorms ocour

o @
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near cold fronts traveling northeastward.  These fromts
become more froquent as fall progresses. Snow showers
are possibic late in the scason, and contribute to
Iskendesun's and Antioch's high precipitation amounts.

Figure 3-26. Mean Fall Monthly Precipitation, Turkish Coast.
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. As shown in Figae 3 27, thandersionn days incecise

because of increasing frontal activity.
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THE TURKISH COAST
FALL

TEMPERATURE. Mcan daily highs range from 61° F
(16° ) w 94° F (34° C), as shown in Figure 3-28. The
lowcest temperatures are found along the Sea of Marmara
coast. Record highs are 94° F (34° C) at Canakkale and
109° F (43° C) along the Mediterranean coast. An Atlas

| ";])*’ e ﬁﬂfﬁé;r

gqgt;kk 1e - Balikesar
anaxxa.® Sep|Oct!Nov
SeplOoct |Nov *'g’ﬂlf 62

l:'l

September-November

Low's hot, dry winds can push aficmoon temperatures
into the 100-105° F (38-39° C) range. Mezn daily lows
range from the mid 40’s° F (6-8° C) to the low 70's® F
(21-23° C). Record lows are 13° F (-11° C) at Akhisar,
24°F (-4° C) at Adana, and 39° F (4° C) at Anamur.
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Figure 3-28. Mean Fall Daily Maximum/Minimum Temperatures (F), Turkish Coast.
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Chapter 4

THE EASTERN MECITERRANEAN COAST

The Eastern Mediterranean Coast region extends from the Syria/Turkey border southward and westward to the Sucz
Canal. It includes all of Israel and Lebanon, western Jordan, small portions of Syria, and Egypt’s northern Sinai
Desert.  After describing the area’s situation and relicf, this chapter discusses "general weather conditiors" by

season.
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THE EASTERN MEDITERRANEAN COAST SITUATION AND RELIEF
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Figure 4-1a. The Eastern Mediterranean Coast. The Eastern Mediterranean Coast (enclosed
by the bold lines) ¢xtends from the Syria/Turkey border southward, then westward to the Suez
Canal. Many political borders are in dispute; some have been omitted for clarity.
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' THE EASTERN MEDITERRANEAN COAST SITUATION AND RELIEF

v D
STATION: THRIPQLI LEHANON

LAT/LOW: _ 34 27 N = 35 468 K - ELRV: _J3FT ___.
ELEMENTS |(JAN |FEB !MAR {APR [MAY |JUN |JUL {ADG |8KP |OCT |NOV | DEC | ANN
XTRM MAX 74 75 85 92 103| 986 83 | 95 101| 98 | 90 77 103
r‘ﬁﬂ MAX 62 82 | 67 72 78 82 86 | 688 | 87 83 74 686 76
AVG MIN 48 49 52 55 82 88 71 72 | 70 | 64 58 49 58
XTRY MIN 31 32 37 41 51 58 61 85 | 65 52 45 38 3t
AVG PRCP 7.6 8.0] 3.8| 1.7| 0.8| * 0.6/ 1.8] 5.0/ 6.4 35.6
MAX MON
TS DAYS 4 3 4 1 2 * 1 4 2 5 27

* = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

“BYATION: _BAIKUT LEBANON
LAT/LON: 33 49 N 35 208 _  ELEV: S3FT

¥

ELEMENTS |JAN |FEB |MAR [AFR |MAY |JOUN {JUL |[AUG (SEP |[OCT |NOV |DEC | ANN

XTRM MAX 77 87 | 87 | 99 1107 (104 98 | 99 | 99 {101 | 81 84 107

AVG MAX 62 | 63 | 86 | 72 | 78 | 83 87 | 89 | 88 | 81 73 | 65 75

AVG MIN 51 51 64 | 58 64 69 73 | 74} 73| 68 | 81 56 63

XTRM MIN 31 30 | 38 | 43 | 48 56 84 | 862 | 80 | 52 | 41 30 3o

AVG PRCP 7.5| 6.2] 8.7| 2.2] 0.7] 0.1| = * | 0.2 2.0f 5.2] 7.3] 35.1
MAX DLY 4.0/ 3.5] 3.6] 3.7 1.6| 2.4| 0.4| 0.3] 2.1| 5.5| 4.7] 3.9] 5.5
FOG DAYS

T8 DAYS 3 3 2 1 1 * * (o] bl 2 4 3 21

DUST DAYS 1 * 1 * % * 4] o] * G x* % 3

AFP TEMP 82 | 63 | 68 | 73 80 { 89 | 94 |1 89 | 83 | BB | 75 | 65

* = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS
STATION: . KGARAH OBSERVATORY LEBANON
LAT/LON: 33 BO N _85 B3 E KLRV: 3012 FT

— D
KLRHMENTS JAN |FEB [MAR |APFR |MAY |(JUN [JOL |AUG |SEP |OCT |{NOV |DEC ANN
XTRM HMAX 68 71 82 81 87 97 (101 104 {103 83 86 70 104
61
4C

AVG MAX 51 53 89 78 84 87 80 | 86 79 66 56 72
AVG MIN 34 a7 46 52 57 81 61 57 52 45 38 48
XTRM MIN 17 19 26 3 38 45 50 50 | 44 39 30 20 17
AVG PRCF 5.6/ 8.0/ 2.0/ 2.0| 0.4] 0.1 0.0| x * 0.7| 2.7 4.9] 24.6

MAX MON -
MAX DLY 3.1] 2.8| 1.5] 2.8} 1.8] 0.2{ = * | 0.2y 1.1] 3.0} 3.2

TS DAYS 2} 3 2 2 2 1 0 » 1 3 4 3 23
SNOW DAYS 3 3 * * q 1 1 1 | 1 7

* = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

Figure 4-1b. Climatological Summaries for Selected Stations on the Eastern Mediterranean Coast.




THE EASTERN MEDITERRANEAN COAST SITUATION AND RELIEF

STATION: _LAIFA 18RAEL

LAT/LON: 2 49 N ___ 38 00K ____  ELEV: 24 KT ___
ELEMENTS |JAN |FEB |MAR [AFR |MAY |JUN |[JUL |AUG |[SEP |OCT |NOV |DEC | ANN
“ATRM MAX | 79 | 87 [104 (108 |11z (108 | 89 | 99 [107 |106 | 87 | 80 [ 112

WG MAX 85 66 | 72 | 76 | 83 | B8 88 | 90 | 88 | 85 79 | 68 79
AVG MIN 49 50 | 52 | 58 | 65 70 | 18 76 | 74 68 | 60 | 62 62

XTRM MIN 29 27 33 40 50 | 58 83 81 81 47 43 33 28

AVG PRCP T.3] 5.7} 0,8 0.7f 0.1] 0.0} 0.0| 0.0f 0.0/ C.8| 2.7] 8.7| 24.4¢
MAX MON 12.1)10.6| 8.0/ 4.2| 2.1| 0.6 * * | 0.8] 5.2]13.6{16.7| 44.5
MAX DLY 3.6/ 5.1 2.74 1.6] 1.5] 0.3 * ] 0.8/ 2.2 5.4/10.7

18 DAYS 2 1 o 2 0 0 0 0 [*] 1 0 0 6
FOG DAYS 2 2 3 2 * 2 * 1 1 3 B 1 21
HAZR DAYS 9 10 14 15 19 20 23 21 18 18 14 12 180
DUST DAYS L ] 1 * * * * x [+] "] * * 2

APP TEMP 65 | 66 | 73 | 77 | 87 | 83 | 88 |104 | 08 | B2 | 81 | 68
* = LESS THAN 0.05 INCEES OR LESS THAM 0.5 DAYS

STATION: _TEL AVIV. ISRAEL
LAT/LON: 32 06 N 36 42 E . ELEV: _4 FT

WLEMENTS | JAN |FEB |MAR |AER |MAY |JUN |JUL |AUG |OKF |OCT |NOV [DEC | ANN
XTRH MAX | 78| 91| 95| 106| 108] 109| 100| 99| 108| 107] 95| 88| 108
AVG MAX 2| 65| 68| 76| 81| 88| or| 81| 65| ez] 74| 68| 77
AVG HIN a8] 47| 48| 54| 58| e4| e8] 70| 67| 62| 54| 48] 67
XTRM MIN | 32| 3z| 32| 38| 48| 52| 50| 63| 66| 48] 1| 32| 32

AYG FRCP 5,01 3.3 1.8{ 0.5( 0.1 * * * * | 0.7{ 3.3f1 5.9 20.2
MAX MON 11.4| 8.0 6.3 1.5| 0.8{ x* L * | 0.8/ 5.7|16.3{15.56( 33.0

MAX DAY ‘

TS DAYS 3 3 3 1 0 0 0 (o] x 1 4 4 18

UST_DAYS S S N N

AFP TEMP | | : { | ] | g
* = LESS THAN 0.05 INCHES OR LESS THAN 0.5 DAYS

STATION: _JERXCHO JORDAN

LAT/LON: 31 B2 N 36 29 E ____  EKLEV: 902 FT
ELEMENTS |JAN {FEB |MAR |APR |MAY |JUN [JOL |AUG |SEP {OCT [NOV |DEC | ANN
XTRM MAX | 84 | 88 [100 117 [120 128 jI14 |117 117 ji07 | 8% | 85 | 120
AVG MAX 668 | 7L [ 79 | 67 | 97 [101 (103 103 /100 | 84 | B4 | 72 88
AVG MIN 50 | 51 | 65 | 80 | 67 | 73 | 756 | 76 | 74 | 68 | 61 | 53 84
XTRM MIN 37 | 37 | 35 | 47 | 60 | 59 | 59 | 64 | 63 | 57 | 46 | 38 36
AVG PRCP 1.4 1.2] 0.7{ 0.3f{ 0.1] 0.0 0.0| 0.0] 0.0 0.1] 0.7] 1!1| 5.8

-
MAX MON 2.6/ 2.3] 0.9 1.0f 1.0 0.2{ 0.1 0.0| 0.0} 0.7 2.0f{ 3.8] 7.3
HAZE DAYS 2 1 3 3 6 8 | 12 9 3 2 2 4 53
TS DAYS 1 1 1 1 1 0 0 0 0 1 2 1 9

DUST DAYS 1 3 2 3 3 4 2 1 2 * 1 4 26
APP TEMP 68 70 78 87 97 (103 |107 {109 |108 |102 87 72

* = LESS THAN 0.05 INCHES OR IES8 THAN 0.5 DAYS

Figure 4-1c. More Climatological Summaries for Selected Stations on the Eastern Mediterranean Coast.




THE EASTERN MEDITERRANEAN COAST

GEOGRAPHY. The northern boundary of the Eastern
Mediterrancan Coast runs from the Mediterrancan Sea
along  the  Twkey/Syrin  border  to  the  3,280-fool
(1,000-meter) comtour. The castern bounclary  follows
this contour threugh Syria to the Syria/L.ebanon border.
The Syrian border with Lebanon and Israel serves as the
boundary southwards to the 1,640-foot (500-meter)
contowr. The boundary then Joilows this contour
southward to Agaba in southemn Joraan. The southem
boundary is a straight line from Agaba to the southern
end of the Suez Canal, near Suez, Egypt. The western
houndary is the Suez Canal and the Mcditcrrancan shore
north to the Turkish border. A number of political
boundaries in this region remain in disputc and are not
shown in Figure 4-1a.

The region’s Syrian and Lebanese coasts are 5 to 30
NM wide, with extensive coastal mountain ranges
separating the harsh desert environment to the east (rom
the maritime climate to the west. The Ansariyeh
Mountains of Syria average 3,500 feet (1,065 meters) but
some peaks reach 5,000 feet (1,525 meters). The
Lebanon and Anti-Lebanon Ranges of Lebanon and
weslern Syria average 5,000 feet (1,525 meters) with
many peaks rising above 9,000 feet (2,745 meters). The
Biga Valley separating these two ranges is between 3 and
9 NM wide and about 100 NM long. The mountain
ranges and the Biqa Valley comprisc over 70% of the
{and surface in the Syrian/Lebunese part of the area.

In the less mountainous southern portion, the Judean
Hills extend along the Israeli coast into Jordan. They are
highest in the south, reaching about 3,500 feet (1,065
meters) high. The long, narrow Jordan Rift Valley lies
cast of these hills and forms the eastern border. It is pan
of a gigantic rift system running from southem Turkey
through the Red Sea to East Africa. Average clevation
along its 175-NM length is 300 fect (90 meters);
however, it drops 10 1,292 feet (393 meters) below sea
level at the Dcad Sea. It lics much lower than the
surrounding landscape; the valley walls are steep, bare,
and broken only by gorges formed by wadis or seasonal
water courses. A wide coastal plain extends
southeastward in the area’s Egyptian and southern Israeli
portions; it slopes gently to 1,640 feet {S00 meters). The
Negev and Sinai Deserts are extremely rugged pialeaus.
Rocky stubble, shaliow canyons and dunes dominate the
landscape. Elevations average 1,640 feet (500 meters)
MSL.

RIVERS AND DRAINAGFE SYSTEMS. The Jordan
and Litani Rivers form the most extensive drainage

SITUATION AND RELIEF

basins in the area. The Jordan River flows along the 10
to 30 NM wide Jordan Rift Valley floor. Its 5- to 12-
NM wide flood plain is the lowest on Earth, rcaching
wlmost 1300 feer (95 maters) below sea level, “Phe
Jordan River Tows southward 100 NM from the southern
Anti-Lebanon ranges to the Dead Sea. The Litani River
runs southward along the Biga Valley's length before
turning westward to the Mediterrenean Sea. Its averuge
elevation is 3,000 feet (915 meters) MSL and it’s 78 NM
long.

An abundance of wadis, mosty dry water courscs,
line the Jordan Rift Valley south of the Dcad Sca.
Largest of these is the Wadi Arabg, cxtending
southeastward from within 20 NM of the Dead Sea to the
Gulf of Aqaba.

The other two significant drainage systems are the
Orontes River and the Kinneret-Negev Conduit. The
latter is a man-made irmrigation system extending
southwestward from Lake Tiberias to the Gaza Surip and
is used for irrigating the coastal plains. The Orontes
River flows northeastward from the area’s northcastern
corner. Most of its 450-NM coursc is outside the region
in Syria and Turkey.

LAKES AND RESERVOIRS. The Jordan River
connects Lake Tiberias, also known as Lake Kinneret nr
the Sea of Galilee, with the Dead Sea. Lake Tiberias (6
by 13 NM) is 675 feet (205 meters) below sea levcl. The
Dead Sea (the area's largest waterbody at 3-9 NM wide
by 42 NM long) is 1,292 feet (393 meters) below sea
level. Numerous small freshwater lakes dot the Lebanon
and Anti-Lebanon Mountains. Lake Litani, the major
water body along the Litani River, is 6 NM long and 2
NM wide. It lies at 3,300 feet (1,005 meters) in the Biga
Valley. Egypt's shallow Sabkhet el Bardawil is
separated from the Mediterranean Sea by a narrow spit
with two narrow connecting channels. It extends 40 NM
along the Sinai Desert's coast, reaching 12 NM inland at
its widest. It is surrounded by extensive salt flats and salt
lakes.

VEGETATION. Where it exists, most vegetation is
scrub and clumps of short grasses. Most cash crops
(citrus) and grasses lie along the fertile coastal strips of
Syria, Lebanon, and northern Israel. Isolated evergreens
arc found above 5,000 feet (1,525 meters) in the
Lebanese mountain ranges. The northein river valleys
support extensive agriculture, as well as thickets of reeds,
shrubs, and small trees. The only plants around the Dead
Sea are small, salt-tolerant reeds.
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THE EASTERN MEDITERRANEAN COAST

WINTER

GENERAL WEATHER. Genoa and Cyprus Lows
produce rainfall, severe thunderstorms with hail, and
cven significant snowfall at elevations above 5,000 feet
11,525 meters). The rare Cyprus Low with significant
cold air advection can lower the snow line to 500 feet
(150 meters) MSL. Warm Mediterranean waters, which
average 63° F (17° C), provide enough moisture for
hcavy precipitation, Winter flow is moist; it develops an
extensive marine boundary layer that averages 5,000 feet
(1,525 meters) in thickness.

SKY COVER. Fair-weather stratus or stratocumuius
forms over warm coastal waters at night because of the
land breeze between 0400 and 0700 LST. The sea brecze
that starts between 0700 andt 0900 LST shifis the
devcloping clouds onshore, ‘The resulting stratus, with
200- 10 1,000-foot (60- to 305-meler) bases, and
stratocumulus, with  1400- to 3,500-foot (425-
1,065-meter) bases, normally dissipate by 1200 LST.

Occasionally, fair weather cumulus {orms within the
moist sca breeze. 'The moisture and land surface heating
under clear winter skies allow the cumulus to build past
1600 LST. with bases between 2,500 and 4,000 feet (760
and 1,220 meters).  Tops reach 13,000 feet (3,960
meters) MSL.

On the windward sides of coastai mountains, there is
increased low-level cloud cover near places like Beirut.
Cloud bascs at mountain locations arc lower than on
coastlines and in the Negev Desert.

December-Febriary

(enoa and Cyprus Lows may both track directly over
the region. Multilayered low- and mid-level cloud cover
dominates the area near a transitory fow, A cold front’s
cumuiiform clouds have bases between 2,500 and 6,000
fect (760 and 1,830 meters); tops may reach 40,000 feet
(12 km) MSL. Ceilings below 500 feet (150 meiers)
occur with heavy showers or in mountains. Mid-level
clouds torm with bases beiween 8,000 and 15,000 feet
(2440 and 4,570 meters), Altocumulus tops are below
18,00C fect (5,480 melers) but altostratus tops may go to
30,000 feet (9.2 kin) MSL. Thin cirrus with bases at ot
above 18,000 feet (5480 meters) develops near jet
streams, within migratory lows, and with thunderstorms.
Thicker cirrus develops with lows and thunderstorms.
Thunderstorm "blow-off" reaches 40,000 feet (12 km)
MSL.

Depending on elevation, ceilings in the northern
section are below 3,000 feet (915 meters) 11 to 30% of
the time. Low ceilings in the Sinai and Negev deserts are
rare, Most afternoon low ceilings are caused by cumulus
that develops along seaward-facing slopes. Moming low
stratus or fog concentrated along the coast canses most
low ceilings, but a transitory low is another major cause.
Latakia reports fewer low ceilings than other northern
coastai stations; most cloud cover here results in ceilings
between 3,000 and 4,000 feet (915 and 1,220 meters).
Ceilings in this range occur 30-40% of the time at
Latakia because the marine inversion layer is deeper here
than at stations farther south,
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Figure 4-2. Mean Winter Frequencies of Ceilings Below 3,000 Feet (915 meters), Eastern

Mediterranean Coasi.
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THE EASTERN MEDITERRANEAN COAST

WINTER

VISIBELI'TY. Moming radiation fog forms ducing fair
weather or after significant rainfall, particularly in the
Lebanon Mountains and the Biga Valley,  Raised dust
and marine moisture from the Gull of Aqaba and the Red
Sca cause dust haze in the Negev and Sinai Deserts,
usually only reducing  visibilities to about 5 miles.
Winter visibilities are below 3 miles Iess than 7% of the
time excepd in the Lebanon and Anti-Lebanon Mountains
where frequencies are around 30%. See Figure 4-3.

Rain and drizzle often reduce visibility to below 7
miles during low passages. Fog north of a warm front,
combined with stecady rain or drizzle, can reduce
visibility 1o 3 miles. Elevations above 2,000 feet (610

§0
0

LJIII? l b

December-February

meiers) get low ceilings and 1- to 4-mile visibilities in
stratus and fog under these conditions. Rainshowers and
thunderstorms along a cold front may lower visibility to
3 miles with hcuvy downbursts along the coastline,
Fast-moving fronts limit low visibilitics to less than an
hour, Visibilities in snow can drop to near zero,
especially in the higher mountains.

Intense low-pressure systems may cause Sirroccos
that uansport dust and sand from the Sinai Desert.
Lowest visibility is in the Negev and Sinai Descrts.
Severe thunderstorms and hail are common with these

lows.
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Figure 4-3. Mean Winter Frequencies of Visibilities Below 3 Miles, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST

WINTER

WINDS.  Prevailing winter flow is westerly o
west-southwesterly,  Peak gusts, associated with Genoa
and Cyprus Lows, are pear 50 knots and  usually
westerly, Daytime sca breezes average 7 knots at Beirut
and 9 knots at Tel Aviv, The winter sea brecze is active
between 1200 and 1700 LST, Stronger ones may push
iniand o the Dead Sea by 1400 LST.
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320 b
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Egypt
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December-February

The l.ebanon and Ansariyeh Mountains form the sca
brecze's casiern cdge in Lebanon and Syrin, but it
channcls intand along the Litani River and into the Biga
Valley, Persistent, 7-knot, northeasterly winds drain
from the Jordan Rift Valley, affecting the northern Gulf
of Aqaba and Elat. Figure 44 gives wind roses for the

area.

—J———-—-——I—'

Figure 4-4. January Surface Wind Roses, Eastern Mediterranean Coast.

Winds aloft are normally westerly, as shown in
Figures 4-5a and b. Bet Dagan’s high mean speed (94

knots at 42,000 feet/13 km), indicates that this station is
close to the Subtropical Jet’s mean position in Fcbruary.

4-9




THE EASTERN MEDITERRANEAN COAST
WINTER December-February

7135
g ceee 15 - )
c 904 15, 000 feet
- — 10,000 feet
T 45
c | T €., 000 feet
1Y)
By T T T ¥ L 1 LN T LR 1 1
z TN FEB MAR APR MY JUN JULL AUG SEP OCT NOV DEC
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fHE EASTERN MEDITERRANEAN COAST
WINTER December-February

PRECIPITATION. The Esstern Mediterranean Coasi  but rain anc drizzle are common nosth of warm fronts.
geis 50-70% of iis mean annual precipitation from  The Lebanon Mounwins and the Judcan Hills produce a
December to February. The coasts and the Lcbanon  rain shadow in the Biga Valley and the Jordan Rift
Mountzins’ windward slopes receive 11 to 37 inches  Valley. An average of 14 low-pressure systems penelraie
(280 to 920 mm) per winter month, Precipitation the region each winter. A rare stationary frontal
decreases eastward, as shown in Figure 4-6. The Jordan  boundary occasionally produces heavy rain that can
Rift Valley receives from 1 12 16 inches (25 to 400 mm),  persist for 5-10 days, most often in February.

decreasing from north 10 sovih. Most falls in showers,

T T
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" Figure 4-6. Mean Winter Monthly Precipitation, Enstern Mediterranean Coast.




THE EASTERN MEDITERRANEAN COAST

WINTER December-February

Stromg Gienos or Cypeus Lows cause most of the  Rift Valley) averages only 1. Hail is common in winter .
wutier thunderstorms shown s Figure 4-7. They occur  thunderstorms; it occurs with about 25% of them. Hail
on [-21 days a scason. Lawkia, Syria, averages 7 larger than 3/4 inch (17 mm), howsever, is extremely rarc.
thunderstorms a winter snonth, bui Jericho (in the Jordan
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Figure 4-7. Mean Winter Thuaderstorm Days, Eastern Mediterrancan Coast.
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THE EASTERN MEDITERRANEAN COAST
WINTER

Significant winter snowfall is normally conlined to
thz Lebanon Mounuins’ higher elevations (above 5,000
feey'1,525 meters) MSL. Depth rarely exceeds 12 inches
(306 mm). Snowfall in the Lebanon Mountains averages
2 1e 30 days a scason depending on clevation and
latitude. Snow is rare ai sca level, occurring about once

Decomber-February

every 3 (o 5 years; it melts within 3 hours and depths are
normally less than 2 inches (50 mm). However, 1G to 12
inches of snow have fallen above 1,000-foot (305-meter)
clevations with deep, closed lows. Figure 4-8 illustrates
a common 5S00-inb paticras for significant snowfall.

Figure 4-8. An Example of 500-mb Flow Causing Widespread Snow in the Eastern
Mediterranean. This cxample shows a dcep trough over Eastem Europe and a strong ridge over
Westein Ewope. Cold short waves drop into the eastern Mediterraneanr: and reform in the Cyprus
arca. Severe winter thundersiorms may develop with small hail if warm, moist air is present.
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THE EASTERN MEDITERRANEAN COAST
WINTER December-Februsry

TEMPERATURE. Wiater highs average 54° F (12° C)  with somheasterly winds; they decreasc with elevation .
in the mountains and 73° F (23° C) in the lordan Rift  from 93 10 71° F (35 10 21° C). Elat and Bet Dagan

Valley--sce Figure 4-9.  The Lebanon Mountains'  reach 93° F (35° C). Mean iows range from 33° F (2°

highest clevations expericnce the lowest temperatures;  C) to 56° F (12° C: Extreme lows sesult from polar

the mcan high at Al Arz (clevation 6,283 fee/1,916  surges out of Eastern Europe and range from 7° F (-14°

meters) is 35° F (2° C). Extreme highs noimally occur  C) at Riyaq to 36° F (2° C) at Sedom.
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Figure 4-9. Mean Winter Daily Maximum/Minimum Temperatures (F), Eastern Mediterranean Coast.




THE EASTERN MEDITERRANEAN COAST

SPRING

GENERAL WEATHER. The primary cyclogenesis
rcgion shifts southward to the Atlas Mountains in the
western Sahara,  Stronger winds, warmer temperatures,
and less rainfall accompany an Atas Low. The Sirocco
is common between late March and early May. Atlas
L.ow activity peaks in April. Polar air may still pcnetrate
the castern Mediterranean in March.

SKY COVER. Mean spring cloud cover is similar to
winter’s, although it increases in the coastai descrts
because intense surface heating develops a stronger sca
breere in May. Stratocumulus (reported as stratus at
higher elevations) moves onshore with the sea brecze but
dissipales before noon with the incrcasing onshore flow
and the hot, dry land. Bases rangs from 1,400 to 3,200
feet (425 10 975 melters); tops seldom exceed 4,000 feet
(1,220 meters) MSL. Higher elevations report ceilings as
low as 400 feet (120 meters), Orogiaphic uplift sustains
cumuius along the Lebanon Mountains. Frequently,
walls of fair-weather cumulus are observed east of Beirut
and Haifa, causing the low-ceiling frequencies seen in
Figure 4-10. Bases are usually 2,500 to 4,000 feet (760
to 1,220 meters). Cloud tops quickly dissipate above
6,000 feet (1,830 meters) MSL in drier air above the
marine boundary layer before reaching the inierior. The

March-May

Anti-Lebanon Mountasins and the lee side Lebanon
Mountains expericnce moming low cloud or fog, but
litde fair-weather cumuivs. Inland staiions on the
platcaus, such as Becrsheva, rarely observe extensive late
afternoon cumulus because the sca-breeze moisture and
land surface air mix thoroughly. The spring sca brecze
off the Gulf of Agaba causes low ceilings in the southern
Negev. Latakia seldom reports ceilings below 3,000 feet
(915 meters) because ite marine inversion layer is higher
than at other stations.

Lows entering the arca north of Latakia produce a tew
clouds {mainly cumulus and altocumulus) along the cokd
front. Bases range from 2,500 to 6,000 feet (760 o
1,830 meiers); tops reach 14,000 feet (4,265 meters)
MSL. Accompanying towering cumulas ana cumulo-
nimbus have similar bases, but tops reach 20,000 to
45,000 feet (6 10 13.5 kmy MSL. Lows passing south of
Latakia produce multilayered cloud decks as more warm
moisture is advected along the warm front and the
Subtropical Jet is present. These clouds extend from
2,500 feet (760 meters) 1o 45,000 feet (13.5 km) MSL.
Ceilings in heavy showers can go much lower (rcar 500
feet/150 meters), but nimbostratus is rare.
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Figure 4-10. Mean Spring Frequezncies of Ceilings Below 3,000 Feet (915 meters), Eastern
Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST
SPRING

VISIBILITY. Visibilities arc below 3 miles less than
11% of the time throughout the region, as shown in
Figure 4-11. Low visibilities are most common in the
morning between 0600 and 0900 LST. They vary from
2% during the moming on the coast 10 23% in mountains
and valleys. Large-scale precipitation is reponsible for
most 5- to 6-mile visibilities in early spring, but fog
becomes the primary factor in late spring. Radiation fog
forms from 0700 to (900 LST in stable atmospheric
conditions in residual moisture left by rainfall or during
the land/sea breeze transition. In May, radiation fog is
common in interior mountain and valley locations and on

-
? 50 100
1101 ]

March-May

the coest. Dust haze is common in the Negev and Sinai
deserts, but it seldom reduces visibility to below 5 miles.

Atlas Lows become less frequent during late spring.
Low visibility with rain, drizzle, and fog occurs more
often at northcrn stations because the lows cross the
central and northern coast. Southern stations get sca fog
and stratus in the accompanying warm air advection
ahead of the low. Strong Siroccos (which see) bring
North African dust and saad into the region. Visibilities
are less than 3 miles with active frontal thunderstorms,
heavy rain showers, and blowing dust.
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Figuie 4-11. Mean Spring Frequencies of Visibilities Below 3 Miles, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST

SPRING

WINDS. Prevailing flow is southwesterly to
west-southwesterly; it reinforces the sea breeze.
Synoptic-scale wind gusts, commonly caused by Aulas or
Cyprus Lows, reach 50 knots.  Winds are strongest
along the coast but weaken substantially to between 15
and 25 knots inland, Surface wind roses are shown in
Figurc 4-12.

Surface winds display well-defined land/sea and
mountain/valley breezes. Coastal sea breezes average 7
knots south of and 9 knots north of Beirut. Normally, the
easterly land breeze is 3 knots slower than the westerly
sca breeze. Mouniain/valley winds are southwesterly or
northeasterly in the Biga Valley. The Jordan Rift Valley
has a unique mountain/valley circulation that develops in

0 .50 100
L1111 I
Nautical Miles

Wind Speed in Knots

April

N A RS

[PERRVIPUN S )

mPercgr(\)? Freng:m:v

o340

El Arish

3 20

L'BOON

March-May

late April. Northerly nocturnal drainage winds average ’

11 knots, penetrating southward along the Jordan Valicy
10 Elat where they diminish to 5 knots. The Dead Sca
generates an casterly 5-knot lake breeze along its western
edge by day; however, a strong sea breezc surges into
the region from the west, usually after 1400 LST. The
wind reversal is abrupt; westerlies may reach 20 knots
and persist until 1700 LST.

Mid-level winds shift to the northwest as the Azores
High and the desert heat lows strengthen--refer to Figure
4-5. The shift is damped at higher levels. Mecan wind
speeds diminish as the Subtropical Jet moves north, By
May, highest spceds are 60 knots at 40,000 fect (12 km)
MSL.

Figure 4-12. April Surface Wind Roses, Eastern Mediterranean Coast.
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SPRING March-May

PRECIPITATION. As the storm track moves north of — Figure 4-14.  Extensive thunderstorms form along the

the arca, rainfall decrenses--see Figure 4-13. Most  southern Lebanon and Anti-Lebanon Mountaing. Heavy
precipitation falls in showers and thundershowers.  morning dew adds 1-2 inches (25-50 mm) to mcan spring
Thunderstorm frequency decreases only slightly through  precipitation totals.

the spring as Atlas Low activity peaks in April--sce

éo

f 50 100 1fo 200 Latakia
] LLLl ' I l Mar|Apr Ma
2.611.7

Nautical Miles

Tripoli
Cyprus Mar|Apr|Ma

3.6

kSqug
Aprl|Ma
2.0(0.4

~34°  Month: Mar|ApriMay
Inches:..olaeelens

® is less than 0.05 inches.
Mediterranean Sea

Tel Aviv
MarlApr Ve
1.610.7 cho
Bet Dagan Apr|Ma
320 Mar Apg:qu 0.3/10.1
0.610.1

Figure 4-13. Mean Spring Monthly Precipitation, Eastern Mediterranean Coast.
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Figure 4-14. Mean Spring Thunderstorm Days, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST

SPRING

TEMPERATURE. Mean daily highs, shown in Figure
4-15, vary from 61° F (16° C) to 79° F (26° C) in
March. Higher elevations are colder; Al Arz (cicvation
6,283 feey/1,916 meters) has a mean March high of 39° F
(4° C). By May, highs range from 70° F (21° C) along
the coast to 97° F (36° () in the southern Jordan Rift
Valley. Sharav winds (which see) produce drastic
temperature  increases. The highest springtime

March-May

temperatures range from 90° F (32° C) in the Lebanon
Mountains to 120° F (48° C) at Jericho. Mean daily
lows vary lrom 44 10 64° F (7 to 18° C) along the coasts,
but they arc more variable inland, ranging {rom 36° F
(2° C) at Al Arz 1o 75° F (24° C) at Sedom. Exireme
lows range from 19° F (-7° C) at Riyaq to 43° F (6° C)
at Sedom.
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Figure 4-15. Mean Spring Daily Maximum/Minimum Temperatures (F), Eastern Mediterranean Coast.
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THE EASTERN MEDITEERRANEAN COAST

SUMMER

GENERAL WEATHER. The Azores High is stronigest
in the summer; heat lows dominate the arca. The ragion
is dry all summer as subsidence caps thc marine
boundary laycr at 2,000 feet (610 meters).  Orographic
uplift of sea-breceze moisture produces  isolated
convection, but cumulus is short-lived in the dry air aloft.
Cyclonic  activity and upper-air  disturbances are
extremely rare and weak, but they may generate [rontal
showers and isolated thunderstorms.

SKY COVER. Cloud cover is limited o moming
stratus/stratocumulus, afternoon cumulus, and cirrus;
summer transitory low activity is rare. Summer stratus
or stratocumulus develops when air cooled by radiation
ftows offshore at night and forms a thin cloud cover over
the warm coastal waters.  The sea breeze moves these
clouds over land, causing the moming low-ceiling
frequencies shown in Figure 4-16. Stratus bases are from
500 to 1,000 feet (150 o 305 meters) AGL and
s:ratocumulus bases are mostly between 1,400 and 4,000
fcet (425 and 1,220 meters). These clouds may be as low

June-August

as 100 feet (30 meters) on windward mountain slopes. ‘

Tops range from 1,000 to 6,000 feet (305 10 1,830
meters). Fair-weather cumulus, with bases averaging
3,000 fect (915 meters), forms when the sea breeze
moisture is lifted against the coastal ranges to produce
cloud lines that can be 10 to 50 NM long. The drier air
above the marine inversion dissipates this cumulus by
1500 LST. Midday low ceilings are associated with
these clouds. Fair-weather cumulus rarely reaches 8,000
feet (2,400 meters) MSL unless upper-level disturbances
cnhance them, in which case towering cumulus and
cumulonimbus reach 25,000 to 50,000 feet (7.5-15 km)
MSL over the Lebanon Mountains. Clear summer skics
prevail over the Negev and Sinai Deserts.

The rare upper-level disturbance causes multilaycred
allocumulus and cirrus, with bases near 12,000 feet
(3,660 meters) and tops to 40,000 teet (12 km) MSL.,
Cirrus near jet streams is less than 400 feet (120 meters)
thick with bases near 20,000 feet (6,100 meters) MSL;
thunderstorm cirrus can reach 50,000 feet (15 km) MSL.
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SUMMER June-August
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Figure 4-16. Mean Summer Freguencies of Ceilings Below 3,000 Feet (915 meters), Eastern
Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST

SUMMER

VISIBILETY, Fog and haze are the main causes of
redduced summer visibilities. Fair weather dominates as
the strong sca brceze penetraies deep into the interior.
The land breeze is weak; radiation fog forms with light
or calm winds. Thin, patchy ground {og lowers the
visibility 1o between 3 and 6 miles about 1 day in §
inland between Tripoli and Beersheva. Occasionally,
this produces the below 3-mile visibilitics shown in
Figure 4-17. Dust devils raise dust in the Ncgev and

0 50
TRERN

June-August

Sinai Deserts, producing about 6-mile visibilitics. Duslt
haze at Ovda and Elat reduces visibility 10 3-6 miles.
Industrial smoke can lower visibility to about 3 miles
with extended periods of stagnant weaiher conditions
(stationary high pressure). Most industrial activity is
located ncar Tel Aviv and Haifa. Smoke and haze arc
often observed between 0800 and 1100 LST, but they are
usually dispersed by the sea breeze.
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Figure 4-17. Meun Summer Frequencies of Visibilities Below 3 Miles, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST

SUMMER

WINDS. Prevailing flow aloft is northwesterly; surface
wind spceds decrease from 23 knots in June to 14 knots
in August. The large decrease is caused by weak
cyclonic activity and a stronger Azores High. Peak wind
gusts arc less than 25 knots, usually associated with rare
cycionic activity. Gusts are more likely to affect the
extreme north;  both Latakia, Syria, and Tripoli,
Lebanon, have reported gusts above 30 knots. Figure
4-18 gives surface wind roses.

The sca breeze is weil-defincd but limited from the
surface to 2,000 feet (610 meters) by the subsidence
inversion. Sea breezes often penetrate to Lake Tiberias
and the Dead Sea. They average 10 knots at Tripoli. A
delayed sea-breeze front reaches the Dead Sea around
1400 LST, averaging 8 knots. Winds are northerly at 8

Wind Speed in Knots

(ALY 1-6 7-t6 17-205=
| VOUUYIUUON I |

ox 10% 20w

Parcent Frequenty

3440

El Arish

June-August

knots along the Jordan Rift Valley from the Dead Sea to
Elat. The Guif of Agaba’s sea breeze overrides this flow
between 1200 and 1700 LST on its northern shore. The
Lebanon Mountains stop the marine boundary near the
northern coast, but onshore flow channels 60 miles into
the Lebanese interior along the Litani River Valley.
Stations backed by mountains, such as Beirut and Haifa,
have a local nocturnal drainage flow that accelerates
offshore flow.

to westerly at the 10,000-foot

Winds veer

(3,000-meter) level in the summer, as was shown in
Figure 4-5. The Subiropical Jet is well north of the area;
mean speeds are at a yearly low in August, with a
30-kiiot maximum.

Figure 4-18. July Surface Wind Roses, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST

SUMMER

PRECIPITATION. Summers are extremely dry cxcept
fon the e upper level disturbance o cyclonic storm
that  brings  scattered  rainshowers  and  isolated
thunderstorms Lo the highest clevations. Summer rainfall
15 less than 0.1 inches (3 mm) a month: for that reason,
the usual precipitation figure ha: been omitted.
Thunderstorms occur on fess than | day a summer
throughout the region,

June-August

TEMPERATURE, Mcan daily highs range from 82° F
(27°C) to 104° F (41° C), as shown in Figure 4. 19, The
Jordan Rt Valley has the highest mean daily highs, at
86-104° F (30-41° C). Extreme highs arc 95° F (35° C)
at Tripoli and 123° F (51° C) at Sedom. Mcan daily
tows range from 51° F (16° C) t0 74° F (23°C) except in
the Jordan Rift Valley, where temperatures do not
normally go below 80° F (26° C). Lowest summer
lemg cratures are in June, when they range irom 37° F
(3° C) at Riyaq to 73° F (23° C) at Scdom.
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Figure 4-19. Mean Summer Daily Maximum/Minimum Temperatures (F), Eastern Mediter ranean Coast.




'i'HE EASTERN MEDITERRANEAN COAST

FALL

GENERAL WEATHER. The region retains iis
characieristic dry summer weather until mid-October.
The Azores High shifts southward by November. Genon
Low movement is normally northeastward over northem
Turkey and southern Europe, but a secondary storm track
crosses the area by late fall. Genoa Lows produce rain
showers and thunderstorms. Snow is possible above
5,000-foot  (1,525-meter) elevations. Weak flow
concentrates sea breeze moisture in the marine boundary
layer to below 1,500 feet (455 meters) MSL.

SKY COVER. Mean cloud cover increases with the
return of cyclonic activity. Cloud cover with early fall
low pressure systems is confined to cold fronts and o
cumulus aiong the mountgins. The cumulus has
2,500-6,000 foct (760-1,830 meter) bases and is 8,600
fect {2,440 eters) thick. Stratus and stratocumulus
frequently develop in Novemoer behind intense lows,
Bases are between 1,400 and 3,200 feet (425 and 975
mcicrs) and tops reach 5,000 feet (1,525 meters) MSL.
Embedded cumulonimbus, towering cumulus, and thick
cirrus reaches 50,000 feet (15 km). Altocumulus and

September-November

altostratus forin with bases between 8,000 and 15,000
feet (2,440 and 4,570 mcters) and tops to 30,000 feet
(9,145 meters) MSL. Nimbostratus forms when the low
moves directly over the region; bases are as low as 1,000
feet (305 meters); tops reach 20,000 feet (6,100 meters)
MSL.

Early moming stratus/stratocumulus continucs to be
brought in by thc sea breeze until late October, but a
decrease in cloudiness from summer is reflccted in the
low. nciderice of early moming ceilings below 3,000
feet (915 meters) shown in Figure 4-20  Only Beirut's
low-ceiling [frequency increases in the fall; moming
stratus persists there, enhanced by convergencc with
increasing drainage winds off the Lebanon Mounuins.
Moraing stratus bases are usually between 200 aad 1,000
feet (50 and 305 meters); stratocumulus bases develop
between 1,400 and 3,200 feet (425 and 975 meters).
Tops range from 2,000 to 5,200 feet (610 and 1,585
meters) MSL. These clouds may form 100-foot
(30-meter) ceilings along coastal hilisides.
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Figure 4-20. Mean Fall Frequencies of Ceilings Below 3,000 Feet (915 meters), Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST

FALL

VISIBILITY. Radiation fog develops in moist air
advected ino the region by the sca brecze; the result is
3- to 6-mile visibilitics aiong the coast and in the
mountain  valleys between Tripoli and Beersheva.
Advection {ogs occur along the coast, but not in the
valleys. These fog types combine (o produce 3-mile
vizibilities on 30-60% of fall mornings. Both burn off
rapidly in latc-morning heating. Haifa reports 60% fog
frequencies at 0800 LST in the 3- to 6-mile range. Only
Beersheva reports visibilitics below 3 miles in this fog
with any frequency (13%). Radiation fog produced by
Guit of Aqaba moisture occasionally causes the low
moming visibilities at Ovda indicated by Figure 4-21.

-
(11007

September-Novembor

Fall frequencies of visibility beiow 3 miles arc
identical o summer’s until November, when fog also
forms in moisture left by heavy rain showers and
thundcrstorms, Frontal rain showers and thunderstorms
may reduce visibility 0 less than 3 miles for brief

periods.

Coastal stations such as Tel Aviv and Haifa have the
most industrial smoke and haze, which lower visibilities
10 between 2 and 4 miles in September and Octlober
under siagnant conditions. This is most frequent in the
early moming before the sea breeze sets in. Smoke is a
more recent phenomenon at Beirut due to the city's civil
war, it lowers visibility to about § miles.

Nautical Miles

Cyprus
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0
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Figure 4-21, Mean Fall Frequencies of Visibiiities Below 3 Miles, Eastern IMediterranean Coast.
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THE EASTERN MEDITERRANEAN CQAST

FALL

WINDS. Fall prevailing winds are southwesterly at 9
18 knots. The sea breeze is well-defined near shore, but
it can move inland beyond 25 NM over flat terrain.
Mountains higher than 2,000 feet (610 meters) block #t
entirely from the northern interior.  The sca breeze is
between 5 and 9 knots at all coastal sites and between 3
and 6 knots at interior locations. Land breezes, normally
fess than 5 kaots, are enhanced at coastal stations backed
by mountains. Cooler air in the coastal mountains

6° October
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September-November

increases northern stations’ nocturnal drainage (low.
Cyclonic activity produces the highest wind specds. All
gusts above 30 knots occur in November, with Tripoli
(WSW at 54 knots) and Beirut (S at 41 knots) recording
the highest wind speeds in the region. Figurc 4-22 gives
surface wind roses for selected stations. Winds aloft
back to westerly, as was shown in Figure 4-5. Speeds
increase o 70 knots at 42,000 feet (13 km) by
November.

‘Beirut

Figure 4-22. October Surface Wind Roses, Eastern Mediter:.»nean Coast.
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THE EASTERN MEDITERRANEAN COAST

FALL

PRECIPITATION. Scptember rainfall is scarce, as
shown in Figure 4.23. The prevailing southwesterly
flow is very dry, and the storm track is north of the
region.  Rainfall increascs in late October along the
northern coast as Genoa Lows begin 10 affect the region,
The Lebanon Mountains produce a rain shadow effect to
their northeast. Rainfall amounts increase through the

September-November

{all from less than 0.6 inch (15 mm) in Sepicmber o 2-5
inches (50-125 mm) in November along the coast

Fali thunderstonn frequencies increase in the north,
Windward mountain  slopes get morc than  six
thunderstorms a season.
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Figure 4-23. Mean Fall Monthly Precipitation, Eastern Mediterranean Coast.
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Figure 4-24. Mean Fal! Thunderstorm Days, Eastern Mediterranean Coast.
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THE EASTERN MEDITERRANEAN COAST

FALL

TEMPERATURE. Mcan daily highs range from 74° F
10 88° F (23° C 10 31° C) along the coast. They are
about 15° F (8° C) lower in the mountains above 2,000
feet (1,500 meters) and reach 51° F (10° C) at Al Arz
(6,283 fecy/1,916 meters in elevation).

Temperatures are highest in the Jordan Rift Valley.
The record high temperature at Marj Uyan (at 2,516
fect/767 meters) is 93° F (34° C) and 117° F (47° C) at

September-November

Jericho. Mecan daily lows range from 41° F (4° C) 10
81° F (27° ©). Lows on thc immediaic coastline arc
between 50 and 70° F (10 and 21° C).

Sub-freezing temperatures only occur above 5,000
feet (1,525 meters). The arca’s record low iemperaiures
include 25° F (-4° C) at Riyaq and 52° F (11° C) at
Sedom. Figure 4-25 gives mean temperature data for the

area.

Figure 4-25. Mean Fall Daily Maximum/Minimum Temperatures (F), Eastern Mediterranean Coast.
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Chapter 5

NORTH AFRICAN COAST

The North African Coast comprises the coastal fringes of Egypt and Libya west of the Suez Canal. It includcs most
of the Akhdar Mountains and the northern slopes of the Nafusah Mountains. After describing the area’s situation
and rclief, this chapter discusses "general weather conditions” by season.
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THE NORTH AFRICAN COAST SITUATION AND RELIEF
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Figure 5-1a. The North African Coast. This rcgion includes the flat, sandy plain that streiches for 1,100 NM
along the southern Mediterranean Sea coast from the Libyan-Tunisian border eastward o the northern Sinai
Peninsula and the Suez Canal. The spelling of place-names here varies widely. DMAAC spelling, transliterated
from the Arabic, is used except for well-known places like Cairo and the Gulf of Sidra; in such cases, both spellings
are given. The shaded rectangle defines the arca described by Figure 5-2.
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Figure 5-1b. Climatological Summaries for Selected Stations on the North African Coast.
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Figure 5-1c. More Climatological Summaries for Selected Stations on the North African Coast.
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Figure 5-1d. $till More Climatological Summaries for Selected Stations on the North African Coast.




THE NORTH AFRICAN COAST

GEOGRAPHY. The casiem border of the North
African Coast runs from Port Said south along the Suez
Canal to the northern tip of the Gulf of Suez, then west to
the Nile River scuth of Cairo. It then follows the Nile
Nlood plain north to a point just south of Alexandria.
Continuing west, the rest of the region is made up 9f the
narrow coastal plain from Alexandria along the Akhdar
Mountains’ southern slopes, along the Gulf of Sidra, and
along the Nafusah Mountains’ northern slopes 1o the
Tunisia border.

This region's width varies from 5 to 130 NM. 1t is
widest on both ends and narrowest between the Gulf of
Sidra and the Akhdar Mountains. Except in the Akhdar
and Nafusah Mounltains, elevations are below 660 feet
{200 meters) MSL.

Flat coastal plains with sandy or rocky soils make up
85% of this region. Although much of the Sahara is
rocky, there are extensive sand dunes in the Libyan and
Sinai Deserts. There are also isolated salt marshes and
tidal lagoons. The Nile Delta is arid even though the
Nile and its many branches flow through it.

SITUATION AND RELIEF

The Natusah and Akhdar Mountains interrupt the
gently sloping coastal plains. They average 2,(XX} feet
(610 meters) MSL, with several peaks above 3,000 feet
(915 meters) MSL. The Nafusah Mountains parallel the
coast about 70 10 90 NM inland. The Akhdar Mountains
hug the coastline alorg the northeastern Guif of Sidra
coast.

DRAINAGE AND RIVER SYSTEMS. The River
Nile, the region’s only permanent drainage basin, is one
of the world’s largest. Figure 5-2 is an expanded view of
the Nile Delta, which extends 85 NM inland and 130 NM
along the coast. It contains hundreds of meandering
streams and canals.  The Nile splits into two
branches--the Damietta on the east and the Rosetta on the
west--17 NM north of Cairo. These rivers arc lincd with
salt marshes and small lakes formed during scasonal
flooding.

Many semipermanent streams (wadis) disscct the
Nafusah and Akhdar Mountains. These wide but shallow
stream beds reach the Mediterranean Sca only during the
winter. The Suez Canal is a man-made waterway link.ng
ihe Red and Mcditerranean Seas.
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Figure 5-2. The Nile Delta, Showing Primary Rivers, Lakes, and Cities.
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THE NORTH AFRICAN COAST

LAKES AND RESERVOIRS. The only lakes and
reservoirs in the region are in the Nife Delta or along the
Suez Canal. Many arc seasonally flooded. The Greal
Bitter Lake was created during construction of the canal.

SITUATION AND RELIEF

VIEGETATION., The deserts are mostly barren, but
short scrub grows in protected areas where water is
avaiiable. Irrigation in the Wile Delia allows cultivation
of palms and citrus. Isolated open woodland, cvergreen,
and scrub vegetation are found in the Nafusah and
Akhdar Mountains.




THE NORTH AFRICAN COAST
WINTER Decembwr-Febriary

’ GENERAL WEATHER. Although moderate frontal Cumules forms at midday; bases are normally 4,000
showers and thunderstomis occur with stronger cold  vect (1,225 meters) but csn be as tow as 2,500 feet (760
{ronts, many only produce drizzle and light rain. Moist  meters). Tops are nonnally betow 700 feet (2,135
northwesterly flow from the Azores High, assisted by  meters) M§L. Most aon-frontal afternoon ceilings helow
upper-level jets, steer low-pressure troughs through the 3000 teet (915 meters) are caused by tins cumiue,
region regularly.

The effects of transitory iows depend on the system''s
SKY COVER. The combination of moming stratus or  origin. Meciturranean sysiems {such 4s Geroa Lows) arc
stratocumulus and the effects of transitory low-oressure  cloudier than North African systems (such as Atlas
systeins make winter the cloudicst scason. Moy  Lows) because of their overwalter trajectorivs.  Genoa
stratus/siratocumulus forms over the water during fair  Lows teacking along this coast cause the most exiensive
wcather when the noctumnal land brecze pushes air ccoled  cloud cover, with multitayered decks from 4,000 feel
by radiation over warmer coastal watezs. The sca breeze (1,220 meters) aad wops v 20,000 feet (6 km) MSL.
sets up ai surnise and pushes the clouds onshore. The  Embedded cumulifcem clouds can extend o 49,000 fect
amount of stratus/stratocumulus at a given location is a (12 km) MSL. Cloud bases may lower 10 50 feet (150
tunction of its proximity {0 the coast and mountainous  meters) during heavy showers,
terrain.  Morning stratus/stratocumulus bases are about
2.500 lect (760) meters), but below 500 feet (350 meters) Souih -10-southwest winds akead of an Atlas Low
in the mountains. These clouds cause some of the low  passing through the Gulf of Sidr. force moisture over the
morning ceilings shown in Figure 5-3.  Tops are  Akhdar Mountzing and increase cloudiness on the
normally helow 6,000 fect (1,830 nieters) MSL. Clouds  western siopes.  On rare occasions, Atas lows travel
burn off within 2 hours after sunrise in the warmer air.  easiward south of the regior. Skies are zimost cloudless
Morning stratus (bases as 700-1,100 feet/215-335 meters)  with these lows excepi on the Akhdar Mountains’ casiem
ierms in the Nile Delta frcm the moisture trapped under  slopes, where enough moisture frc.n the seu is present for

» a nocturnal radiation inversion. cumulus to form.
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o Figure §-3. Mean Winter Frequencies of Ceilings Below 3,06/ Feet (915 ineters), North African Coast.
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THE NCRTH AFRICAN COAST
WINTER

VISIBILYTY, Winter visibilitics are usunily above 3
miles throughout the region, but they arc below 3 miles
1-7% of the time atong the coast (in the marine boundary
layer) and 6-13% of the time inland. Figurc 5-4 shows
that fow visibilities arc more common in the east and in
thc mou-tains.  Dust is often raised with 10-i5 knot
winds; the amount raised and particle sizes vary with
wind speed, atmospheric stability, and local ground type
and moisture content.  Dust and haze combinc at some
intand locations such as Cairo and Adjabiyah. Although
dust haze normally only lowers visibilities (o 5-6 miles,
they can go below 3 miles. Low visibility is less of a
proticm west and north of the Akhdar Mounwins where
winds arc more westerly than southwesterly and carry
less dust,

: MEDITERRANEAN SEA

December-Februaty

Moming fog forms along the Nile Delta’s rivers and
canals, along the coast, and ncar lagoons. Hcavy frontal
rain showers and thunderstorms restrict visibilitics to 1-3
miles. Morning stratus  often  obscures  higher
scaward-facing slopes in the Akhdar and Nafusah
Mountains, causing 1-3 mile visibilitics. Daytime
heating lifts thesc fogs inw thin stratocumulus or
cumulus decks by late morning.

Sand and dust carried by winds over 25 knols near
transitory lows and around their trailing cold fronts can
drop visibilities below 1 mile for 1-6 hours. These
duststorms often lift dust to 20,000 feet (6 km) MSL.
The Akhdar Mountains shelter areas to the north from
southerly, dust-laden winds. Transitory lows also causc
heavy rain showcrs and thunderstorms that may reducc
visibilitics below 3 miles for short periods.

Hour:05011]17LST
T
is less than 0.5%

%‘}:ﬂ - 1s Missing Data

Alexandria

05111
Darny :
“%afé 0% ?ghw -3 .2
T = % Tpg Sallum Port Said |
05111117 OIINIT
PN BT \ 8 5 8 |
§ Shahhat { X -y
“N" " rripold 516 O5ITiT17 catro Ny J3
‘ o[ 10116 . Y BT 9T BO5TT 17 |
"1 Ajdabiyah 1 10]22] i ’ 1117 8
LIBYA o4l 10116 | EGYPT B3|
8] 8] 6 ' :
14°E 18°E 22°F ' 26° 30°E

Figure 5-4. Mean Winter Frequencies of Visibilities Below 3 Miles, North African Coast.
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THE NORTH AFRICAN COASTY
WINTER

WINDS. Mean wind specds generally decreuse trom
west 10 cast as the Azores High's influcree declines with
distance sway frowa its mean warter position.  Highest
observed wind specds are always associgte¢  with
cyclonic activity, usually Genoa Lows. Strong ana gusty
west v rorthwest winds accompany imense cold {ronts.
Peak gusts aveeage 30 knots, but 45- to 55-knot gusts
have heen reported ai Tripoli aud Darnah, both erposed
coastal locations. 3tytions farther from the coast have

December-February

lower mean wind speeds, as shown in Figure 5-5. The
tnd or sea brees s angmets prevailing westerlics atong
cousts that are perpendicéllar to the Jow.  Westerlics
dominate vicas where coastlines are pasalles W the Row.
Nocturnal deainage winds deminace around the Akhdar
and Nafusah Mountains.

Uppes-leve: winds, shown in Figues 5-6a and 5-6b,
are westerly under the Azores High's influence.
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Figure 5-8. January Surface Wind Roses, Morth African Coast.
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THE MORTH AFRICAN COAST
WINTER

December-February
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Figure 5-6b. Upper-level Annual Mean Wind Direction, Banghazi, Libya,

PRECIPITATION. Most rainfall is convective,  As
shown in Figure 5-7, the region getz 1 to 16 inches of
rain in the wiater, depending on proximity te the mean
storm track, proxiimity to the mountains, and coastal
oricntation.  Northwestern mountains slopes get the
most. Light rain or drizzic falls above 2,000-foot
(610-mcter) clevations with transitory  lows, As

ilfustrated by the Genoa Low track in Figure 5-8, lcss

rain falls along flat desert coasts oriented west-lo-cast
and paraliel to advancing cold froms. Soulheastern
slopes and east-facing coasts ge: even less. Port Said, on
the region’s extreme castern edge where fronts seldom
penetrate, gets the least rainfall. Snow falls on less than
1 day a winter. It seldom lasts more than 2 hours, but
can pessist for up to 6 hours above 1,500 feer (455
melers) after a frontal passage.
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Figure 5-7. Mean Winrter Monihiy Precipitation, North African Caast,
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THE NORTH AFRICAN COAST
WINTER December-Febiuary
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Figure 5-8. Typical Northeast Track of the Genoa Low.

Most stations report one or two thunderstorms a windward slopes gel the most. Tops arc about 35,000
month in winter, as shown in Figure 5-9. Areas on  feet (1C.5 k) MSL.
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THE NORTH AFRICAN COAST
WINTER

TEMPERATURE. Mcun daily highs in winter range
from 54° F (12° C) at Shahhat to 71° F (22° C) inland
over the Nife Delta. Lows range from 39° F (4° C) at
Nalut 10 57° IF (14° C) at the Rosets Lighthouse on the
Nile Dclta coast. Southerly winds bring extreme highs of
80-99” F. Continental poiar surges [rom Euncope bring

MEDITERRANEAN SEA
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December-February

sub-freezing temperatures 10 the western two-thirds of

the region. Extreme lows along coastal plains vary from
25° F (-4° ©) at Tripoli to 32° F (0° C) at Banghazi. In
the Nile Delta, extreme lows range from 28° F (-2° C) at
Gharyan to 37° F (3° C) at Alexandria. Nalut's extreme
low is 19° F (-7° C) in January.
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Figure 5-10. Mean Winter Daily Maximum/Minimum Temperatures (F), North African Coast.
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THE NORTH AFRICAN COAST
SPRING

GENERAL WEATHER. Movement of the Arores
High shifis the mean Polar Jet into the western
Mediterrancan Basin while the Subtropical Jet intensifies
over west-central Africa. The Saharan Heat L.ow builds
during the spring, creating weak southcasterly Mow in the
region’s  western  portion, A prominent arca of
cyclogenesis  develops along the Atlas Mountains,
spawning lows that often track northeastward through the
Gulf of Sidra. After March (but most frequently in later
Aprii), hot and dry southerly winds from the Sahara (the
Khamsin or Ghibli) bring dust, sand, high winds and
high temperatures 10 the region, but litde rainfall. The
Polar and Subtropical Jets may interact with surface low
pressure to produce strong, well-developed cells. There
are about cight low passages during a typical spring,

SKY COVER. Although cloudiness diminishes in the
spring, Atlas Lows and moist air keep cloud cover
relatively high. At sunrise, the sea breeze pushes
cxtensive stratus and straiocumulus  decks  onshore.
Localized amounts of stratus/stratocumulus are functions
of land/sca breeze swrength and terrain.  Bases are
generally  2,000-3,000 feet (610-915 meters), but
mountain stations may report similar clouds with
500-foot {150-mcter) bascs. Tops are 3,000 10 6,000 feet
(915 to 1,830 meters) MSL on windward slopes. Over

@
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March-May

the Nile Delta, stratus with bases of §00-1,200 fect
(245-365 meters) forms from moisture trapped under the
noctumal inversion layer, These decks dissipate between
0900 and 1100 LST in the warmer, drier air.
Fair-weather cumulus Torms in the aftermoon along the
coast with bases at 4,000-5,000 fcet (1,220-1,520 meters)
and tops to 7,500 feer (2,285 melers); they usually
dissipate by late afternoon. Ceilings below 3,000 fect
(715 meters) are common in these fair-weather clou is;
Figure 5-11 shows relative frequencies.

Clouds associated wiih transitory lows diminish after
mid-April. Nimbostratus is very rare, but scattered
cumuionimbus or towering cumulus can occur along cold
fronts; bases are 4,000-5,000 feet (1,220-1,525 meters),
tops from 25,000 to 50,000 feet (7.5-15 km) MSL. Bases
may lower to 500 feet (150 meters) in heavy showers.
Although altocumulus and altostratus occur with Atlas
Lows and upper-level disturbances, thev are not
extensive because Atlas Lows are normally dry. Bascs
arc between 8,000 and 15,000 fect (2,440 and 4,570
melers) and tops in multilayered clouds reach to 21,000
feet (6,400 meters). Thin cirrus develops at 18,000 feet
(5,485 meters) near Subtropical Jets, Atlas Lows, weak
upper-level disturbances, and thunderstorms. Thunder-
storm blow-cff may reach 50,000 feet (15 kin) MSL.
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Figure 5-11. Mean Spring Frequencies of Ceilings Below 3,000 Feet (915 meters), North African Coast.
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THE NORTH AFRICAN COAST
SPRING

VISIBILITY. Spring visibilitics are generally poor as
frequent Atlas Lows raise dust and sand.  As shown in
Figure 5-12, visibilitics are below 3 milcs 1-14% of the
tire along immediate coasts, 6-25% inland.

Winds above 25 knots near Atias Lows and their
traiting cold (ronts can reduce visibilities to 1 mile, Hot,
extremely dry winds gusting 10 30 knots create massive
dust storms. Walls of dust scveral hundred feet high and
a mile or two long are common.  Dust can extend up o
20,000 feet (6 km) MSL.

MEDITERRANEAN SEA
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Merch-May

Early momning fog causes most low visibilitics in the
Akhdar Mountains and the Nile Deltn. Low clouds
become fog on higher slopes.

Flow from thc Suharan Heat Low transports dust into
ihe area above the marine boundary layer, where it settles
and combines with hazc. Haze alone rarely lowers
visibilities to less than a mile; they normally remain
above 6 miles. Visibility may drop below a mile in dust
haze, which is particularly dense around Adjabiyah, but 5
or 6 miles is more common, Heavy showers and
thunderstorms can also lower visibility below a mile
bricfly.
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Figure 5-12. Mean Spring Frequencies of Visibilities Below 3 Miles, North African Coast.




THE NORTH AFRICAN COAST
SPRING

WINDS. Although the prevailing synoptic flow is due
westerly, intense spring surlace heating enhances the
landd/sca breeze circulation and makes it dominant, as
shown in Figure §5-13,  Coasal stations have the
strongest winds, primarily in directions perpendicular o
the coasitine.  Nalut  and  Shabhat--both  infand
stations--have (he tlightest winds.  Tripoli is a coastal
station, but relatively light winds are reported at the
airport, which is about 15 miles infand.

The Saharan Heat Low induces weak southeasterly
flow in the region's western portion. This flow
penetrates to  the coast, usually above the marine
boundary layer. The southeasterlics begin in April and
persist  through  the  summer. The frequency of

March-May

northwesterlics duninishes in the spring al most stations,
indicating that Genoa Lows (the primary synopléc cause)
become fess frequent,

Alas Lows generate the region’s strongest spring
winds, primarily from the south or southeast. These are
tocally known as the "Khamsin" or "Ghibli", Gusts to 31
knots have been reported at Surt, 43 knots at Benina, and
45 knots ai Darnah,

Upper-level winds begin to shift toward the northwest
by May, as was shown in Figures 5-6a & b. This change,
brought about by a combination of the strengthening
Azores High and the weak high above the Saharan ifcat
Low, affects westem cections first.
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Figure 5-13. April Surface Wind Roses, North African Coast.
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THE NORTH AFRICAN COAST
SPRING

PRECIPITATION. Most April-May niinfall is from
orographic  riinshowers in the mounuins (see Figure
5-14).  Atlay Lows are mostly reponsible, but actual
amounts depend on the path of the individual low. The
northeast track extends from northwestern Libya across
the Gulf of Sidra and into the castern Mediterrancan.
The sccondary eastward track is along or soutli of the
Egyptian coast. Lows traveling along the southern route

MEDITERRANEAN SEA

March-May

trigger thunderstorms northwest of the low.  These
become severe as  they approach the  Nile. ‘They
occasionally cause flooding when a low interacts with an
inverted Sudancse Low pressure  trough  (scc  the
Sudancse Low discussion in Chapter 2).  Isolated
thunderstorms are most common in April, especially in

Egypt where lows draw on Red Sca moisture;
frequencies are at or below 1 a month,
Month:Mar | Apr |May

Inches: | |

LIBYA

14° E 18°

Tripoli e
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Figure 5-14. Mean Spring Monthly Precipitation, North African Coast.
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THE MORTH AFRICAN COAST
SPRING

TEMPERATURE., Spring mean daily highs vary from
o1 £ (177 C) at Shahhat in March 10 92° F (33° C) at Al
Jawsh in May. Mecan daily lows range from 43 10 67° F
(0 to 1RCC). Khamsin or Ghibli winds from Atlas Lows
pass over the southern Nafusah and Akhdar Mountains;
they warm the air adiabatically while descending the

MEDITERRANEAN SEA

Tripoli .

Mar |Apr|Ma Banghazi
.34° N Eﬁg_fﬁl Mar|ApriMay
| 50 [57 | 2 Lo 11

March-May

northern  slopes and result in the region’s highest
temperatures, including 1029 F (39° C) at Alexandria
and 121° F (49° C) at Ez-Zauwin. Tempceratures arc
lowest in March when rare Polar et surges reach the
aca. Extreme lows range from 22° F (-5° C) ot Shahhat
10 44° F (7° C) at Alexandria.

Month:Mar

Mean Max:
Mean Min: |
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Tubruq
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®7 (73 176 Matruh Port Said
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}-30°N
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Figure 5-15. Mean Spring Daily Maximum/Minimum Temperatures (F), North African Coast.
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THE NORTH AFRICAN COAST
SUMMER

GENERAL WEATHER, Summcrs are extremely dry
as the Azores High's strong subsidence results in clear
skies over most of the region. The Saharan Heat Low is
strongest in summer, Transitory systems are rare. The
only significant cloud cover and rainfall occur along the
mountains' northern slopes from orographic lift.

SKY COVER, Where the land/sea breeze is
well-developed, stratus and stratocumulus form over the
sca at night and move over the coast with the sea breeze.
These clouds only move iniand for about 10-20 NM,
however, because of the cxtreme aridity. Nile Delta
moisture also produces high amounts of low moming
stratus, as shown in Figure 5-16.  Ceilings are
2,(00-3,000 fect (610-915 meters) on the coast, but less
than 500 feet (150 mclers) in the mountains. Tops are

MEDITERRANEAN SEA
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04110116 &C ) i
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14°E 18°E 22°E :
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June-August

below 5,000 feet (1,525 meters) MSL.  Stratus normally
dissipates over the warm land between 0900-1100 LST.

Rare upper-lcvel troughs or carly June Atlas Lows
produce the only mid- or upper-level clouds.
Altocumualus bases are 10,000-18,000 fect (3,050-5,485
meters); tops are 20,000 feet (6 km) MSL. Cirrus
deveiops above 20,000 feet (6 km) MSL. These rarc
disturbances also produce cumuius with bascs at
4,000-8,000 feet (1,220-2,440 meters) and tops to 10,000
feet (3,050 meters). Cumulus from Ailas Lows have
bases at or below 1,000 feet (305 melers) in the
mountains and 2,500 feet (760 meters) on the coast.
Tops of the rarc thunderstorm may exceed 50,000 fect
(15 km) MSL. During heavy showers, ceilings can lower
10 500 feet (150 melters).

Hour:05] 11} 17LST

: | |
# j5 less than 0.5%

Figure 5-16. Mean Summer Frequencies of Ceilings Below 3,000 Feet (915 meters), North African Coast.

The mid-moming stratocumulus that causes the low
ceilings necar Surt may develop into coastal fair-weather
cumulus that rareiy reaches above 5,000 feet (1,525
meters) MEL or beyond 20 NM from shore; it generally
dissipates in the afternoon.

More extensive arcas of

cumulus (shown in Figure 5-17a) develop in the Akhdar
Mountains where (ermain slopes sharply upward from the
coast.  Cumulus development along the Nafusah
Mountains, 40-60 NM from the sea, is less extensive--see
Figure 5-17b.




) THE NORTH AFRICAN CCAST
SUMMER June-August
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Figure 5-17a. Summer Source Regions for Cumulus Development in the Akhdar Mountains. The
iwo primary source regions (shaded) are separated by a natural break between two extensive ridges. Except
for the rare frontal passage, this arca gets the only summer rainfall in the region. Contours are at 500-foot
(150-meter) intervals.
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Figure 5-17b. Summer Source Region for Sea-Breeze Cumulus Development in the Nafusah

Mountains. Sea-breeze moisture rarely penctrates west of the source area (shaded). Downwind
development only occasionally rcaches Misurata and the Gulf of Sidra. Contours are at 1,000-foot

(305-meter) intervals.
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THE NORTH AFRICAN COAST
SUMMER

VISIBILYTY, Moming fog is the major visibifity
restriction througheut the region.  Figure 5-18 shows that
morning visibilitics arc below 3 miles 0-14% of the time
along the coast, 4-36% i the mountiing,  Radistional
cooling or moreing low clouds in the high mountaing
causc most {og, which normally burns off by 1100 LST.

Aftcrnoon visibilitics are gencrally good. The sea
breeze at Misurata is strong encugh to camry dust and
sand from the shoreline over the airfield, causing lowered
visibilities in the afternoon. Winds above 25 knots with
Junc Atlas Lows result in poor visibilities with blowing
dust and sand. Local thermal turbulence and rare

MEDITERRANEAN SEA

.

June-August

thunderstorm  downbursts can produce short (I- 1o
30-minute) duststorms that significantly lower visibility
near large sand duncs, such as at Misurata, Adjabiyah, or
Port Said.

Afternoon haze that forms within the marine boundary
layer or in the residual moisture of dissipated radiation
fogs lowers visibility to 4-6 miles at some locations.
Thick dust haze forms r.ear Adjabiyah in the afternoon as
sea breeze moisture combines with dust--not only local
dust, but suspended Saharan dust that settles into the
marinc boundary layer. Rain restricts visibility only
during a brief and rare thunderstorm.
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Figure 5-18. Mean Summer Frequencies of Visibilities Below 3 Mites, North African Coast.
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THE NORTH AFRICAN COAST
SUMMEH

Flow is north-northwesierly  with  fitle
variation;  at most locations it reinforces the sea brecze
and suppresses the land brecze. As shown in Figure
514, wind directions are mostty perpendicular to the
coastline and Jeust variable in the snmmer,  The sca
breeze is strongest .o the summer, ofien penetrating 40
NM inland. Speeds are highest, 7-16 knots, at the coast.

WINDS.

T WEDTERRANEAN SEA
§ qﬁ' Tripoli} 1'
' // iBa.nghazi

June-August

The mountains shelter southers: ocutions from the sca
breeze;  synoptic fiow combmes with mountain/vailey
breezes (o provide speeds below 7 knots,

Upper-level winds, under the influence of the Azores
High, are northwesterly, as shown in Figures S-6a & b.

Da.mh ‘

Nalut / h

i e Shahhat :'
300N i r—/" \ ; e Sorntin Kot )
- Lo - (]
o LIBYA ~Vy = EGYPT

Figuve 5-19. July Surface Wind Roses, North African Cosast.

PRECIPITATION. Ramlall is so scarce in summer
(mean ramnfall accumulation 0.1 inch/3 mm or less) that
the customary figure showing its cxtent has not been
provided. Instead, refee to the shaded arcas in Figures
S-17a and b, which show where the only regulir summer
raintall occurs. Light mist, drizzle, and brief showers fall
i the mounwins above 1,500 fect (455 mcetersy MSL.

Rare summicr showers ac caused by upper-level
disturbances generated by cold upper-level trougas or
shovt waves;  cigure 5-20 gives an exampie. Some
locations in  thc  Nafusah Mountains  average onc
thunderstorm o suriimer, usually in Junc.  East of
Benghazi, thunderstorms may no; occur at ali for scveral
SUMIACKS i SUcLession.

Figure §-20. Summer Short Waves Affecting the kastern Mediterranean. The solid lines
are 360 mb contours; the dashed lines are 300-mb temperatures ().
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THE NORTH AFRICAN COAST
SUMMER

TEMPERATURE. Mean daily highs range from 80 to
104° F (27 t0 40° C). The record high is §33° F (56° C)
at Ez-Zavia. The marine boundary layer moderates
temperaturcs onr the coast. The daily high is usually
rcached before 1200 LST from late June through August.
A well-developed sea breeze may lower temperaiures by

MEDITERRANEAN SEA

Tripoli B hazi
34° N JunlJul lAug Jun]|Jul}Au
-9-.2____.9_3__95 'g—m—' .
12173 178 CREERE

Surt -

Ez-Zaula™

June-August

159 F (9° C) in an hour, but when the land breeze returns
(1900-2100 LST), the temperature riges again by as much
as 15° F (9° C). Although not shown in Figurs 5-21,
suminer mean daily jows can range from 57 w0 77° F (14
10 20° C). Record lows include 40° F (5° C) at Shahhat
and 62° F (17° C) at Alexandria.
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Figure 5-21, Mean Summer Daily Maximum/¥inimum Temperatures (F), North African Coasi.
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THE NORTH AFRICAN COAST
FALL

GEMNERAL WEATHER. The Azores High dominates,
Northwesterly Now strengihiens and gradually introduces
moisture 1o the arca, beginming in the west.  Cycloni
activity  increases. Although an average of six
low-pressure  systems  travel through the  central
Mediterrancan Basin during the (all, only three pass over
the North African Coast region,

SKY COVER. Moming stratus and afternoon cumulus
bccome more pronounced in fall. Stratus  and
stratocumulus form over coastal watcrs during the night

MEDITERRANEAN SEA
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13! 11
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04710116 ‘ IXTE] 9

22°E

September-Novamber

and move onshare with the sea breeze, Bases may be as
1ow as 500 feet (150 meters) in the mountains. Kadiation
fog becoming  strates causes low morning ceilings
throughout the Nile Delta; this stratus, which usually
dissipates within 2 hours as the land surface heats, is
responsible for the high frequency of low ceilings shown
in Figure 5-22. Cumulus forms in the warm, moist fali
air as the sca brecze is sustained inte the afternoon.
Cumnlus bases are 4,000-8,000 feet (1,220-2,440
nseters), and tops range from 6,000 to 10,000 feet (1,830
to 3,050 meters) MSL.

Hour:05] 11{17LST
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Figure 5-22. Mean Summer Frequencies of Ceilings Below 3,000 Feet (915 meters), North Africaa Coast.

Transitory systems, such as Genoa Lows, become
more common.  Thin cirrus forms near the Subtropical
and Poiar Jets; bases are above 18,000 fcet (5,485
meters).  Mid- and upper-ievel clouds become more
common.  Deep Mediterranean  lows  follow  their
southern wacks in fate fall and spread extensive cloud
cover over the region.  Cirrus, with bases near 18,000
feet (5,485 meters), reaches 50,000 feet (15 km) MSL

ncar thunderstorms.  Multilayered altocumulus  and
altostratus form with bases between 8,000 and 15,000
feet (2,440 and 4,570 meters) and tops to 20,000 (cel (6
km) MSL. Mediterranean lows also generate cumulus
with 2,500-foot (760-meter) bases and tops from 25,000
10 50,000 feet (7.5 to 15 km). In heavy showers, bases
may lower to 500 feet (150 meters) AGL. Nimbostratus,
however, is very rarc,
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THE NORTH AFRICAN COAST
FALL

VISIBILETY. ‘FPhe incidence of fog and low visibatily
decicases i fadl, but they are sl commaon in the
morning west of the Gull of Sidra, in the inountains, and
within the Nile Delta (sec Figure 5-23). Dust haze is
common between 1200 and 1600 LST; visibilitics are

MEDITERRANEAN SEA

Septembar-November

omdes nenr

25

normally 4.0 anles, Pt ae below
Adabuyah,  Dust and sand carried by winds over
knots reduce visibilitics to a mile or less and can LI dust
10 20,005 fect (6 km) RASIL.
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Flgure 5-23. Mean Fall Frequencles uf VlSlbllltle‘l B»Iow 3 Ml!es, North Afrimn (,oas!

WINDS. Surface flow is westerly to west-northwesterly
at 8-15 knots. The strongest winds rarely exceca 40
knots and usually occur with frontal passages. Figure
5-24 shows that land/sca breezes are pronounced along
most of the coast. The prevailing flow overshadows the
weak (3-5 knot) land brecze along the Nile Delia’s coast
and mainaing a strong masine inversion ever the land on

most n.ghts. Elsewhere, land breczes average 5 knuts;
sea breczes vary from & kncts at Tripoli 1o 12 krot, at
Misurata, Spceds are highest along immediatc coasts.
Drainage winds [rom thc Akihdar Mountzins intensify the
nociunal circulation; DBenina has 10-17 knot winds at
night and 6-10 knot winds during the day.
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Figure 5-24. October Surface Wind Roses, North African Coast.
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THE NORTH AFRICAN COAST

FALL Septomber-November

PRECIPITATION, Frontal  activity  increases  along southward-indented coasts.  Figure 5-25 gives
dramaiically in November;  al most stations, rainfall is — mean monthiy precipitation totls. There s alse an
more than doubled from September o November, Most  increase in thunderstorm frequency, as shown in Figure
rain falls in the mountains; the least, in the cast and  5-20.
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Figure 5-25. Mean Fali Monthi» Precipitation, North African Coast.
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Figure 5-26. Mean Fall Thunderstorm Days, North African Coast.
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THE NORTH AFRICAN COAST
FALL

TEMPERATURE, Mcan daily highs range from 67 to
Y8° F (19 10 37° ). The record high is 136° F (58° C),
at Bz-Zauia, This is also the world's official record high
temperature. It occurred when an Atlas Low brought
strong southerly winds (o the arca. Mcan daily lows

t :Sep

September-November

range from 50 to 76° F (9 10 24° C). Extreme lows range
from 24° F (-4° C) at Shghhat to 48° F (9° C) at Pont
Said. Al Marj and Damah have both recorded 33° F (i°
C). Shahhat is the only location that records sub-freezing
icmpceratures during the fall.
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Figure 5-27. Mean Fall Daily Maximum/Minimum Temperatures (F), North African Coast.
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Chapter 6

THE EASTERN SAHARA

The Eastern Sahara region comprises most of Libya and Egypi, the northem portions of Chad and Sudan, and a
small part of Etkiopia. The region includes thc Libyan Desert, the Nubian Descrt, and the Nile Delta. Afier
describing the arca’s situation and relief, this chapter discusses "general weather conditions” by season,
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THE EASTERN SAHARA
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‘ THE EASTERN SAHARA SITUATION AND RELIEF

STATION:  GIADAMES (QHUDAHIS) LKBYA

’ LAT/LON: 3008 N 840K ___ KLV JauM
ELEMRNTO [JAN [FED |MAR [AUR [HMAY |JUN |JUL |AUG |BEE |OCT |NOV JORC | ANN
TRXT HAK™ ("0 | 83 (100 (113 [128 (101|128 |126 [122 |vi6 {108 | BT | 131
“AVG MAK 84_| 10 ["79 1780 | 89 107 (109 (107|161 {"e0"| 76 [ 08 | @8

_AVa MIN |37 | 40 [ 47 |85 |88 | 12 [ 12 | 72 |To7 | 60 | 48 | 40 | 88
EXT MIN | 20 | 26 | 30 | 38 | 44 [ 67 | 68 | 656 | 60 | a8 | 36 | 26 | 20~
avaerer o2 jo.t foz ot | x TN T AT W T oz {oz o T

MAX MON 1.6 [1.¢ {0.8 |0.8 [0.4 [0.3 | * (0.1 0.8 |0.9 |1.4 |1.0 | 3.1

MAX DAY 0.3 0.2 [0.7 f0.4 (0.4 [0.3 | » lo.1 |o.2 [0.7 |0.2 [1.0

T8 DAYS sl o] of s x| o[ ol * 1 el *{ o 0 i
DUBT DAYS | &5 | 7 (10 12| 3, 6| 2| 1 s | 3l s 21 68

DN BRI R e T RNPSHY PN S R TR T P i —

APD TRHP | 79 | 64 100 [108 120 |126 {126 120 |115 |tie | 92| 78

r————— o o s e VTR

STATION: EBIRIE_(AURT1 LIBYA
LAT/ION: 31 12 N 16_35_E ELEV: 224 -
"KLEMENTS |JAN |FED |HAR |APR |MAY JJUN |JUL |AUG |BED JOUT |NOV |DEC | ARN
“55]'_51}_'\5__ 84 | 89 {101 |113 [114 |124 [11€ 118 |t11 1106 [100 | B8 | 124
TAVY MAX 64 | 66 | 72 | 75 | 70 | 84 | 85 | 08 | 87 | 82 | 76 | 67 77
AVUMIN 1745 |48 | b2 | 67 | 82 | 86 | 11 | 79 | 70 | 64 | 67 | 60 | 69
EXT MIK 36 | 33 | 36 | 40 | 43 | 49 | 60 | 63 | 58 | 52 | 43 | 38 | 33
CAVG PRCP [1.6 |1.0 [0.0 0.1 |01 x| o olo.s jo.e |i.2 |1.8
MAX MON (6.2 |4.1 (3.1 (1.0 [0.8 6.4 | O © |1.8 |2.8 |4a.8 |4.0 [13.7
MAX DAY (1.7 (2.2 (0.0 (0.4 |0.5 |0.4 o * 1.6 2.8 |z.1 [1.5
T8 DAYS * 14 L3 * * * 0 ol 1 1 * 1 3
busTLAYS [ 3| a2 2| 2| 1 of «{ a | a[ 2| 2 19
APP TEMP | 72 | 61 | 80 |118 [13G+]1301 (1304|1302 (130 [115 | 87 | 76
[ BTRTIURT KRR T RUFRART LIAYK ™
‘III' LAT/LON: 24 13 N . 23 20E . . . ELEV: 201M —
ELKMENTE |JAN |FKB |HAR |APR |MAY |JUN |JUL |AUG |BEP [OCT |NOV |[DEC | ANN
KXT MAX 90 | 89 (104 [111 |118 |2122 |111 (115 (108 |108 |101 | 91 | 122
AVG MAX 70 | 73 | 81 | 91 | 99 [102 |100 100 | 87 | 90 | 81 | 72 | 68
AVG MIN 41 | 45 | 50 | 55 | 68 | 72 | 73 | 73 | 70 | 61 | 52 | 43 | 59
EXT MIN 26 | 28 | 33 | 45 | 48 | B0 | 62 | €3 | 58 | 39 | 37 | 30 | 28
AVG PRCP o| | o] o] »| o] o x| | x| o] =] 0.1
| MAX MON * |0.3 * * [0.1 0| 0 (0.4 |0.2 * * 0.1 [ 6.5
MAX DAY *x 021 *| =Jo.1| o] o0 o.¢ 0.2 ] =| =% fo.1
& TS DAYS o| o] x| o] =| o| o] o | o o o 1
o DUST DAYS | « | x| 1| 1| 1| | of of of x| «[ = 3
§’ APP TEMP | 68 | 76 | 78 | 91 |100 |105 {102 |102 | 87 | 80 | 19 | 70

ot BT ON:

LAT/LON: 19 10 N_____  _J0 29 E ELEV: 174 FT ___ R
ELKMENTS [JAN |FEB |[MAR |APR [MAY [JUN |JUL |[AUG [{SEP |OCT [NOV |[DEC | ANN
XTRN MAX 104| 108 113} 117 120} 121 121| 119{ 117| 116} 108§ 103| 121

AVG MAX 83| 85| 93| 102/ 107| 110] 108] 108| 107 102) 83| 8% 89
AVG MIR 49 52| s8f €5 71{ 78| 76| 78} 78] 68 60] 51| &5
XTRM MIN 371 ar| 40| 50| 54] 62| 63 68| 58 49| 43| 40| 37
AVG PRCP 0.0f = | 0.0] 0.0{ 0.1] = [ ©.3] 0.5 = * | 0.0f 9.0/ 0.9
MAX MON 0.2 » * * | 0.8] = | 1.9 2.2| 0.1] 0.1 = « | 2.4
MAX DAY 0.2] * * [ 0.6] « | 1.3 1.4 0.1] 0.1 = x| 1.4
TS DAYS o 0 * 0 1 0 2 3 1 1 o 0 8
DUST DAYS 2 6 8 6 6 9 3 5 3 3 1 1 50
APP TEMP 83| 61] 89) @T| 102| 107{ 110] 117| 105| 100 982 &3

s = LEBS THAN 0.08 INCHES OR LESS TEAN 0.5 DAYS
. Figure 6-1b. Climatological Summaries for Selected Stations in the Eastern Sanara.

6-3




THE EASTERN SAHARA SITUATION AND RELIEF*

' T "WADI HALFA SUDAN

LAT/LON: m‘_ KLEV: \

ELEHMENTS [JAN [FEB [MAR |APR {MAY [JUN [JUL [ADG [BRP [OCT |ROY |DEC | ANN
XTRN MAX 1001 3068( 1168] 127 120] 120{ 110 118] 218 117] 118] 302| 127
AVG MAX 78 80 [.].] 88| 108 107| 106{ 108} 101 98 87 78 94
AYG MIN 46 48 64 82 11 74 T4 76 13 a7 58 49 82
XTRM MIN 32 M k1] 48 82 86 83 57 56 42 a9 28 20
AVG FRCP L » L] L3 0.1} 6.0 L] L " * . ] 0.1
MAX MON 0.2] 0.3} 0.3 L 0.4] 0.0¢ 1.2 L] * | 0. 7T{ 0.3 0.2 1.2
MAX DAY 0.2 0.3{ 0.3 - 0.41 0.0 0.8 L] = | 0.6( 0.3 0.2] C.0
TS DAYS * - 1 o] * » 0 0 L 0 ]
DUST DAYB 3 [} 7 ) 9 3 4 2 1 2 62
APP TRMP 72 77 [:]] 93{ 100{ 100| 100| 104 88 98 83 78

BYATION:  SIWA EGYPT

LAT/LON: 28 12 N ELEV: - 48 FT___
e e S p—Y

ELEMENTS (JAN [FEB [MAR (APR [MAY [JUN {JUL [AUG {SEP {OCT {NOV |DEC | ANN
XTRH MAX 88 96| 106| 113] 118 120} 118] 117] 111 108 108 93} 120
AVG MAX 87 73 177 88 94| 100 1631] 100 98 0 80| 70 a8
AVG HIN 38 41 46 53 81 86 89{ 68 64 58 50 41 5h
XTRM MIN 24 27 2 a9 a7 53 63 80 82 43 36 27 2¢
AYGQ PRCP * - o - 0.1 L 0.0} 0.0} 0.0 d L 0.1} 0.4
MAX MON 0.3] 0.8 0.4] 0.3] 0.8 * » 0.0 * 0.4/ 0.2) 1.1} 1.1
MAX DAY 0.5/ 0.4 0.4} 0.3 0.9 L L 0.0 L 0.3] 0.2] 1.1} 1.1
T8 DAYS L 0 * ® * [¢] 0 o] * » L) * 1
DUST DAYS 2 3 4 5 3 1 1 * b 1 2 ®
APP TEMP 87 1) 77 87 88) 107| 110{ 110} 100 98 81 70

~BYXTIONT  LUXOR EGYPY
LAT/LON: 25 40N . 32 42K ___  RLEV: 290 FT __
e AT
ELEMENTS |JAN |FRB |MAR |APR [MAY JJUN |JUL |AUG |SKP JOCT |HOV |DEC | ANN
XTRN MAX $0| 101] 108 116| 119 119] 118]| 119f 116] 113} 106 91! 119
AVG MAX 74 79 88 95| 104 106| 107{ 106]| 103 98 87 78 94
AYG MIN 42 44 50 59 69 70 73 73 71 85 54 45 60
XTRM MIN 32 28 38 43 54 59 64 686 82 50 39 34 28

AYG PRCP 0.0f 0.0f{ 0.0 x| 0.0{ 0.0{ 0.0 0.0f 0,2 * | 0.0 0.0 «
MAX MON 0.1 0.1 = * | 0.2] 0.0 9.¢| 0.0{ = * x x| 0.24
MAX DAY 0.1 0.1 * * | 0.2{ 0.0 0.0 C.0| = * % * | 0.24
L_'I'B DAYS 0 Y 0o 0 x 0 0 0 0 x 0 0 ®
DusST DAYS 1 2 4 5 3 * x 1 * x 1 1 18
APP TEMP T4 78; 32| 92| 100| 102| 163] 103) 103| 99 87| 17 R

STATION: ASWAN DAM EGYPY
LAT/LON: 23 87T N ____ _J2 48 K RLEV: 200FT

SLEMENTS |JAN |FEB |MAR |APR [MAY |JON |JUL |AUG |3KP JOCT |NOV |UKC | ANN
EXT MAX 100 [102 1111 [110 ;118 [124 {124 [120 {118 [116 (108 | 09 [ 124
AVG MAX 74 | 78 | 87 | 96 103 (107 (108 (106 (103 | 88 | BT | 78 94
AVG MIN 50 | 52 | 58 | 66 | 74 | 78 [ 60 | 80 | 76 | 71 | 82 | 53 87
EXT MIN 36 | 35 | 41 | 46 | 52 | 66 | 88 | 67 | 61 | 54 | 3T | 37 35
AVG FRCP 0.0 |0.0 | = 0.07[0.0 |0.0 |0.0 |0.0 | = x lo.0 [ 0.1
MAX MON * * L 0.1 |0.2 ] 0.0 0.0 * 0.2 & * 0.2
HAX DAY * M * (0.1 (0.2 ] % j0.010.0  * [0.2 | * 0.2
T8 DAYS 0 0 0 0 0 o 0 * * 0 *
DUST DAYS | 1 3 5 8 4 3 2 2 1 1 2 a0
APP TEMP 72 | 74 | 84 | 92 {100 [1056 [104 104 [103 | 68 | 85 | 78

® = LESB THAN 0.05 INCHRS OR LESS THAN 0.5 DAYS

Figure 6-1c. More Climatological Summaries for Selected Stations in the Eastern Sahara.
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THE EASTERN SAHARA

GEOGRAPHY. The northern border of the Eastern
Sahara begins in the west ncar Nalut, Libya, and runs
cast across the Nafusah Mountains' southern slopes (o
within approximately 20 miles ol the Mediterrancan
coastline along the Gull' of Sidra. The coastal strip
widens along the Akhdar Mountains’ southern slopes
cast and south of Banghazi, Libya, and joins the eastern
border along the Red Sea Hill's western slopes southwest
of Suez, Egypt.

The castern  boundary follows the 610-foot
(185-meter) contour along the castern Red Sca Hills
southward to0 Tokar, Sudan. it then jumps to the
1,620-foot  (495-meter) contour, which it follows
southward along Ethiopia’s Baraska Vailey to 16° N.
The southern boundary continues along 16° 1o the
Chad/Niger border. The western boundary follows the
western borders of Chad and Libya north to the Nafusah
Mountains.

Two mountain ranges heip divide the coast from the
Sahara. The Nafusah Mountains, in the extreme
northwest, extend 185 miles along the Mcditerrancan
coast and average about 3,000 feet (915 meters) in
height. The Akhdar Mountains are {urther east; they
cxtend 145 miles along the Gulf of Sidra’s east coast.
Avcrage beight is 2,500 feet (760 meters).

The Eastern Sahara is a vast plateau covered with
sand and rock. Elevations range from 600 to 1,200 feet
(180 to 365 mcters). Isolated lowlands contain the only
groand water and vegetation.

The Nile Valley, a broad, silt-filled feature from 1 10
13 miles wide, covers the entire eastern portion of the
region. It spans 1,200 miles from south to north. Steep
cliffs that reach 1,640 fezt (500 meters) MSL cut through
the sandstonc platcau.  The Nile Valley divides the
Sahara ino (wo deserts: the Libyan Desert in the west
and the Nubian Desert in the cast.

The Libyan Desert includes the Mid-Saharan Rise, a
large plateau cxtending castward {rom Algeria (o 20° E.
This desolate featurc is covered by gravel and sand. It
slopes downward to the east, averaging 1,640 feet (500
mcters) in the west and 660 leet (200 meters) in the east.
Ancient lava (lows offer slight variation to the
inonotonous terrain; the highest of these reach 4,000 feet
(1.220 meters), but gencrally average 2,100 feet (640
meters).  Hundreds of isolated and weathered rock
outcroppings protrude above the Libyan Desert floor,

SITUATION AND RELIEF

the highest of these is Sudan’s Jabal al-Uwaynat, at
6,343 leet (1,934 mcters).

The Nubian Desert is a large sandstone platcan
averaging 1,640 feet (500 meters) in clevation. [ is cut
by numerous wadis (semipermanent stream beds) slopirig
westward out of the Red Sea Hills and creating shallow,
silt-filled valleys. The Nubian Desert gradually slopes
up eastward from the Nile Valley to the base of the Red
Sea Hills, a mountainous rift zone on the Red Sea from
ihe Gulf of Suez to the Ethiopian border. The castern
slopes of this narrow mountain range arc steep,
characterized by paralle! ridges with rugged, isolated
peaks that reach 7,412 feet (2,259 melers).

The Tibesti Mountains lic southeast of the
Mid-Saharan Rise and cover 38,600 squarc miles in
northwestern Chad and southern Libya.  Extremely
rugged rock formations shaped by intense wind crosion
risc abruptly {rom the desert floor. The highest point in
the region (Emi Koussi, at 11,204 {eet/3,415 meters) is in
the Tibesti Massif. Emi Koussi is the largest of five
volcanic peaks over 10,000 fcet (3,050 meters). The
Enncdi Plateau in northeastern Chad contins sandstone
peaks at more than 4,700 feet (1,430 mcters) MSL.

DRAINAGE AND RIVER SYSTEMS. The Eastern
Sahara's only permanent river is the Nile, which flows
northward 1,200 NM through Sudan and Egypt 0 the
Medite ranean. Seasonal flooding preduces a fertile, 10
to 13 mile-wide, silt-filled floodplain that contrasts with
the barren desert, The Atbarah River, which rises in the
Ethiopian Highlands and joins the Nile in th: region’s
southeast corner, is its only permanent tributary.
Navigable in the flood scason between June and August,
it drics 10 a series of pools aflter August. The Nubian
Desert contains many wadis that {ill with surface runoff
alter an infrequent ratnfall; none normally join the Nile.

LAKES AND RESERVOIRS. The Eastern Sahara is
doticd by numerous fertile vases and barren depressions
with salt marshes and salt pans--thin, sun-baked surfaces
with spongy muck beneath the crust. Elevations are
mostly below 330 feet (100 meters), and several
depressions and oases arc below sea level. The largest
oasic is the Kharga in south-central Egypt. lts basin is
200 miles long and 30 miles wide. The Siwa Oasis, in
northwest Egypy, is 100 feet (30 meters) below sca level.
The Siwa basin is 50 miles long and 10 miles wide. It
contains several small salt lakes.
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THE EASTERN SAHAKA

The Birket Karun, a freshwater lake 25 miles long and
4 miles viide in northeastern Egypl, is separated from the
Nile by a narrow strip of desert. 1t is 150 feet (45
meters) below sea level. Also known as the Al Fayyum
Depression, this lake was once connccied o the Nile by
an ancient Egyptian canal sysicm,

The Qauara Depression covers 7,200 square miles in
northwestern Egypt at 436 feet (133 mceters) below sea
level. Its surface is salt marsh and descrt salt pan.

The Aswan Dam forms Lake Nasser, the region’s
largest man-made rcservoir. The lake extends south 300

SITUATION AND RELIEF

miles from the dam o the Egypt/Sudan border. Width
varies from 6 (0 36 NM,

VEGETATION. The landscape is bairen except for
isolated clumps of grass and small shrubs along wadis.
Lush grasses and palm trees grow in oascs. The Nile
Valley contains 98% of the rcgion’s plants. There,
aquatic grasses and acacia irees grow, along with
irrigated cash crops. Small shrubs are mixed with
isolated grass clumps in isolated mountain ranges. The
Tibesti supports some agriculiture.  Isolated open
woodlands and savannah thrive in cooler surroundings
above 5,000 feet (1,525 meters).




THE EASTERN SAHARA
WINTER

GENERAL WEATHER. The Azores High is at its
southernmust position;  westerly flow at all icvels is
rcinforcesd by the Saharan High. Cyclonic activity and
frontal showers characterize winter weather. A cold
front moves southward over the region every 3 to 5 days,
Winter low-pressure systems, such as Cyprus and Adlas
L.ows, move northeast or east over the Mediterranean
Sea, which, along with the North Atlantic Ocean, feeds
the lows with moisture. Significant cloud cover and
frontal precipitation is normally limited to the immediaie
victnity of low-pressure centers and cold fronts, which
wcaken appreciably south of 25° N as moisture
dwindles.

SKY COVER. Winter is the cloudiest season over the
northern two-thirds of the region, but least cloudy over
the southern third. Mean cloud cover decreases from
35% in the northwest (closest to storm tracks) to 14% in
the southeast. Fronts cause formation of stratocumulus,
altocumulus, and cirrus in layers between 2,000 and

.

Tunisigf\~"

Decomber-February

20,000 feet (610 and 6,100 meters). Embedded towering
cumulus or cumulonimbus reaches 50,000 feet (15 km)
MSL. Cloud bases can be as low as 500 feet (150
melers) in heavy showers. All clouds remain close o the
frontal boundary. Altocumulus castell. ws can develop
during disturbcd weather. Rain may fall from (hese
clouds, but it rarely reaches the ground.

Afternoon stratocumulus with 2,500-foot (760-meter)
bases forms over local moisture sources, such as oases.
This resuits in the higher frequencies of ceilings below
3,000 feet (915 melters) at Siwa shown in Figure 6-2.
Stratocumulus and cumulus ceilings between 3,000 and
5,000 feet (915 and 1,525 meters) are hetween 5 and 10
times more frequent than those at 2,500 feet (760
meters). Strotus is very rare. Most ceilings below 3,000
feet (915 meters) south of a line from Sabhah (0 Asyut
are the result of blowing dust; most of these ceilings are
below 800 feet (245 meters).

Mediterranean Sea

6] 0

/ &EI 20 Luxor

2 08] 17-“20
¥u|

- is missing data

I
—150N , r v : - % i3 less than 0.5%;
A 0 200 400 Hour:07 | 13| 19LST !
e 2NN Nautical Miles $:..0..1.. !
10°E 1?0 200 250 300 350
] | } I NE

Figure 6-2. Mean Winter Cloudiness (Isopleths) and Frequencies of Ceilings Below 3,000 Feet (915

meters), Eastern Sahara.



THE EASTERN SAHARA
WINTER

Fronts dry as thcy move over the Sahara. Subsidence
and surface heating reduce cloud development further,
but intense Atlas Lows occasionally pull significant
amounts of moisture northward from the equatoriat
Atlantic and temporarily suppress subsidence over the
Sahara. Upward motion and moisture aloft produce
extensive cloud cover and rain,

VISIBILITY. Suspended dust is the greatest cause of
reduced visibilitics. Dust haze restricting visibility 0
between 3 and 6 miles is common, Cold fronts, followed
by strong, cold Saharan Highs, commonly causc most
dust and sand stormes. The strong highs increase pressure
gragients between themselves and the Monsoon Trough,

Mediterranean

December-February

therchy increasing the northeasterly Harmatan winds,
which raise more dust and lower visibilities drastically in
Harmatian Haze (which see) south of 20° N.

Fog and haze form between 2000 and 0700 LST in the
extreme north behind cold fronts when there is strong
northerly flow off the Mediterranean Sea. This is the
reason for the 4% frequency of low visibility at Asyut
shown in Figure 6-3. Moming fog and haze, with
visibilities between 4 and 6 miles, develop under slable
conditions near localized moisture sources such as the
Nile Valley, desent depressions with sait marshes like the
Qattara, and large oases. A rare heavy precipitation
event cau drop visibilities briefly to 3 miles or less.

Sea

0814120 Luxor
4] 1] = 08

El-ﬂ:arzg_ *T
0BT1A[Z0 X
21217 58144} 20
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|
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Nautg.cal Miles 5 B T I
20 po Y
; i Al

Figure 6-3. Mean Winter Frequencies of Visibilities Below 3 Miles, Eastern Sahara.
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THE EASTERN SAHARA
WINTER

Khamsin  or  Ghibli winds (which see) cause
dusistosms that jower visibilities 0 fear zero across
Egypt and Libya. Thesc stonns last for several days.
They diminish during the night and sirengthen during the
day along slow-moving cold froms. The low visibility
frequency shown at Faya Largeau and Dongola in Figure
6-3 shows that these storms make visibility worst during
the afternoon.  These two siations are affected most
because they are surrounded by the casily-lifted, fine
sand and dust of the Libyar Desen.

Khamsin- or Ghibli-generated duststonns may affcct
an arca 120 miles widc ahcad of the front; dust may
reach 20,000 feet (6 km) and visibility can be less than
1/2 mile. Turbulent mixing and strong west i0 northwest

Decomber-February

winds behind the cold front also raise dust and sand, but
conditions are less severe and less persistent.

WINDS. The Azores and Saharan Highs dctermine
low-level wind flow; a station’s location relative (o the
average position of the Saharan High (22° N, 20° E)
determines its prevailing winds. Prevailing direclions in
the southern and castern parts of the region vary little
because the few synoplic disturbances that reach them
arc weak. Faya Laigeau and Aswan are in valleys that
channel winds in the same direction as the synoptic flow;
speeds average about 8 knots. Highest speeds are al Faya
Largcau (15 knots), where winds that havc swept
unimpeded across the Libyan Desert are channeled.

Mediterranean Sea

oi 20’ LIy
requency 3

» / ’\ Wand Speed n Kagis !l o
150N , —- . - fens ,—«;::—,-_
A 0 200 400 }
A N Nautical Miles “p.(Lir;,.w‘::u,
10°E 150 20° 25Y 30° 350
L 1 § 1 ' 1

Figure 6-4. January Surface Wind Roses, Eastern Sahara. Nole that the scale for the direction frequency

at Atkarsh s haif that of the other stations.
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THE EASTERN SABARA

vary significantly with: height because the Subtropical Jei 180 degrees.
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Figure 6-5a. Meuan Annual Wind Direction for Dongola, Sudan.
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Figure 6-5b. Mean Annnal Wind Direction for Kufra, Libya.
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Winds at 10,000 fect 3 km) ate westerly w0 Stream core is centered over the region.  Figures 6-Sa-c
northwesterly, Montbly mean wind speeds al 30,000 tlcet  show wind directions alolt at selected stations; wole that
(9 km) arc ususily betwesn SO and 8O knots, bul they  the wind direction axis in these figures bas bexn saifted




THE EASTERN SAHARA
WINTER

December-February

Dé Z

';’ «S0 =
.
o .
R L
9
[
EReRES
- ‘ \
N 1 N /
'— ' N e o s
m _
- a5
- |
s
Iy N
!
T 3 - i
o S .~—1
\
,: ETQ—L_,_»..Z
ER . , 18, 025
Z oo !
-l D - -
R : "\‘I —_— 1, G
5 | 5, P00 f v
ezt e - ‘.."E‘ AQE’t
R T T T T Y T Y T
- Tety FETD vwed @R capy Ty T, camy S CHLT gy
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THE EASTERN SAHARA
WINTER

PRECIPITATION, The Libyan Desert is one of ihe
dricst arcas in the world.  Frontal showers and
thunderstorms cause most winter precipitation;  steady
rain and drizzle arc very rare. Snow is extremely rare
except at clevations above 3,000 fect (Y15 meters).
Significanl winter rainfall episodes (above 0.1 inches--2
mm) arc nonfrontal;  they occur bencath a cuid
upper-level trough or a closed low, such as with the
intense Cyprus Low shown in Chapter 2 (which sce).

South of 30° N, the f{requency of showers and

thunderstorms  varies significantly from year to year.
One rainshower or thunderstorm can account for 90% of

e
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the site’s seasonal rainfall ota! for a 2- or 3-year period.
Rainfall occurs once or twice a month north of 26° N
along trailing cold ironts. The area south of 26° N
avcrages lcss than one rmainfall day a winter.  Mcan
precipitation statistics are not an accurate reflection of
potential rainfall accumulation or potential flood damage
that might result from a single thunderstorm. Maximum
24-hour precipitation in Figure 6-6 is more representative
of this hazard. Semipermanent stream beds, or wadis, fill
rapidly and can carry water for significant distances.
Upper-level insiability, rather then migratory low

central-pressure  readings, determines the difference
between rainfall and virga.
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Figure 6-6. Mean Winter Monthly/Maximumw 24-hour Precipitation, Eastern Sahara. Isohyels represent mean
scasonal rainfall totals. Maximum 24-hour precipitation siatistics for Hun and Fada are not availabie.
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THE EASTERN SAHARA
WINTER

TEMPERATURF. As shown in Figure 6-7, winter
nights arc cool and days are mild. Radiative processes
produce large diurnal temperature ranges.  The highes!
winter temperatures occur with subsidence aloft when
travsilory continental high pressure intensifies  over
northern Africa. Jalu has reached 89° F (32° C) under
these conditions. Faya Largeau’s winter extreme high is

December-February

109° F (43° C). Temperatures above 100° F (37° C)
occur in ¢very winter month throughout Chad and Sudan
because wronts do not consistently penetrate sbutk of 20°
N. Extreme lows range from 16° F (-9° C) at Hun to 41°
F (5% C) at Abn Hamed. It is estimated that tcmperatures
have dropped to as low as 10° F (-12° C) over the Tibesti
Mountains above 7,000-foot (2,135-meter) elevations.
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Figure 6-7. Mean Winter Daily Maximum/Minimum Temperatures (F), Eastern Sahara.




THE EASTERN SAHARA
SPRING

GENERAL WEATHER. The Saharan Hecat Low fortns
in April and erodes the quasi-stationary high-pressure
ridge over northern Africa. 1t establishes a low-level
southerly or easterly flow of dry desert air over the
subregion's western half,

The Azores High's northwestward shift produces a
southward migration of cyclonic activity from the
Mcditerrancan Sea to the Atlas Mountains. Hot, dry
winds and frequent duststorms are common with these
Atlas Lows. The Monsoon Trough surges northward for
1-3 day periods south of 18° N, but it occasionally
moves northward to Dongoia and Abu  Hamed.
Low-level moisture and southerly flow produce isolated
rainshowers by late May.

L
Tunisia
rd

S

March-May

SKY COVER. Mean cloud cover increases to 18-25%
in the southern third, bit decrcases o 20-30% in the
northern two-thirds despite an increase in Atlas Low
activity. Mid- and upper-level cloud cover increase
slightly, but higher surface temperatures and dry Saharan
air reduce cloud amounts below 8,000 fect (2,440
meters).  Moist and cool Mediterranean air carried
southeastward behind Atlas Low cold ironts creates
stratocumulus and cumulus inland over the northem
Sahara. Bases are 3,000 to 7,000 feet (915 to 2,135
meters) and tops reach 9,000 feet {2,745 meters).
Embedded towering cumulus and cumulonimbus can
extend to 50,000 feet (15 km). Bases can drop to 500
feet (150 meters) in heavy rainshowers.
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Figure 6-8. Mean Spring Cloudiness (Isopleths) and Frequencies of Ceilings Below 3,000 Feet (915

meters), Eastern Sahara.
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THE EASTERN SAHARA
SPRING

The invading cool Mediterrancan air mass warms and
drics rapidly over land; cloudiness disappears 100 miles
infand, Equatorial  moisture  occasionally  moves
northward within the warm sector of decp Atlas Lows.
The Atlas Low center mast track eastward between 27°
and 309 N belore broken o overcast cirras and/or
altocumulus can devzlop along the Tibesti Mountains.
The altocumulus forms between 10,000 and 18,000 (cet
(3.050 and 5,485 wmcters); tops reach 20,000 feet (6 km)
MSL. Altocumulus casicllanus can develop along cold
(ronis, occasionally producing vicga;,  tops can reach
40,000 feet (12 km) MSL.,

Stratocumulus forms in stable moming air near large
localized moisture sources. Morting cloud cover has its
bascs at or above 2,000 feet (610 meters) and tops below
4,000 feet (1,220 meters) MSL.  Siraius is rare in the
Eastern Sahara. Most low cceilings shown in Figure 6-8
and almost all cetlings below 1,000 feet (305 meters) are
caused by blowing dust or sand obscurations. These
ceilings arc usually reportcd as being below 800 fect
(245 meters).

The Monscon Trough moves norih in May and
oscillates along the subregion’s southern edge. Maritime
tropical  (mT) air temporarily replaces  continental
tropical (¢T) air. The shallow mT air mass produces fow
and middle clouds.  With northward surges of the
Monsoon Trough, towering cumalus and cumulonimbus
can form at Atbara and, to a lesser cxtent, at Faya
Largcau, Dongola, and Abu Hamed. These clouds form
when the Monsoon Trough is north of 20° N and mT air
is 3,000-5,000 fect (915-1,525 meters) deep.  Bases are
between 4,000 and 8,000 feet (1,220 and 2,440 meters);
tops can rcach 60,000 fect (18 km) MSL. Isolated storm
cells may also appear in northem Sudan.  Altocumulus
forms  within - and around dissipating  lowering
cumulus/cumulonimbus,  occurring  maost  frequently
(6-9% of the time) at night and in the early moming.
Bases range from 12 000 to 20,000 feet (3,664 0 6,100
metersy  with - 130000 o T2000-foot (3960- ©
0.700-meter) MSL tops.

VISIBILITY. Low visibilities are most common in the
spring when high winds from Atas Lows combine with
dry conditions 0 raisc dust. Duststorms develop with
Khamsin or Ghibli winds in the Atlas Low's warm

March-May

sector. Strong Khamsin winds may drop visibilities (o
near zero for 6-12 hours during the day. Although
visibility improves during the night, it deteriorates again
the next day. This cycle may repeat. for several days in
succession with slow-moving lows.  Airborne dust can
affectan arca 120 miles wide and reach heights of 20,000
feet (6 km) MSL. Atlas Lows, accompanicd by decp
upper-level troughs, can produce a number of smaller
surlace ows that produce localized duststorms ncar their
centers. These small lows affect the region for periods of
7-10 days. Even after the winds die down, dust in
suspension blankets the area for several days.

High pressure moves into the area behind passing cold
fronts, bringing strong northerly winds and more
duststorms.  The extent and duration of post-frontal
duststorms depend upon the air mass temperaturc
differences on cither side of the front. Also, low
visibility is more common at stations surrounded by silt
or fine sand than at statious surrounded by rock or sait
marsh. The finc sand is more common in the cast and
south, causing the increase in the area’s low visibilily
frequencies shown in Figure 6-9.

Large and intensc high-prossure  areas  tay
temporarify tighten pressure gradicnts just north of the
Monsoon Trough. The tighter gradiens strengthen the
Harmattan winds, causing Harmattan Hare (which see)
in Chad and westemn Sudan, Visibilitics are poorest in
the morning {0700 to (0900 LST), when they ure between
172 and 1 mile.

The Monsoon Trough moves northward and vsciflates
over the region throughout the spring.  When the
Monsoon Trough is at its northernmost position, strong
southerly winds produce duststorms with visibilitics
below a mile immediately south of the trough.

Fog and damp haze ave rare, occurring only ul
focations with lavge quantitics of surface water such as
the Nile Valley and Qaitara Depression. The salt marsh
cast of Al Jaghbub helps form nocturnal radiation fog or
damp haze that reduces visiblity at Al Jaghbub to -
6-mile visibilities about 25% of the time. Hcuvy
rainshowers along cold fronts may also reduce visibility
for brief periods.
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Figure 6-9. Mecan Sprins Freguencies of Visibilities Below 3 Miles, Eastern Sahara.
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THE EASTERN SAHARA
SPRING

WINDS. Surface winds change direction as the Azores
High migrates northwestward.  Directions are more
variable than in winter because of the increased
frequency of Atlas Lows, which slso make winds above
17 knots more common than in winter. Western stations
arc more aifected than those in the e¢ast. The cliffs
around both Aswar and Faya Largeau cause channeling.

March-May

Mid- and upper-level winds are sustained
west-southwesterly. Wind speeds are 40-90 knots above
20,000 feet (6,100 meters) in March, but they decrcase
significantly by May. Speeds peak at 38,000 fect (11.6
km).
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Figure 6-10. April Surface Wind Roses, Fastern Sahara.
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THE EASTERN SAHARA
SPRING

PRECIPITATION. Precmpitation in northern Libya and
Egypt decreases from its winter maximum,  Swations
south of 28° N receive less than a trace until May.
Despite this, rainfall peaks in the spring between 24° N
and 26° N. Aithough Atlas Lows are most common in
spring, storm tracks that pencirate the interior seldom

‘0:“’
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Mar|Apr|M&y 0.2
0.110.110.2

March-May

bring hcavy rainshowers. This is evident in the spring
24-hour maximum rainfall data shown in Figurc 6-11, A
cold and deep upper-level trough can trigger afternoon or
carly evening thunderstorms even in the absence of a
from.
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Figure 6-11. Mean Winter Monthly/Maximum 24-hour Precipitation, Easiern Sahara. Isohyels represent

mean scasonal rainfall toals.
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‘THE EASTERN SAHARA
SPRING

TEMPERATURE. Mcan spring lemperatures are
lowest in the northwest in March, but highest in the south
just belore the Monsoon Trough arrives.  In the south,
daily highs are usually above 100” F (387 C) in April
and May. Atlas Lows’ Khamsin or Ghibli winds often
result in the highest spring temperatures. Record highs
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range from 106° F (41° C) to 126° F (52° C), but air
temperatures in remote areas may exceed 126° F (52°
(). Ground temperatures may exceed 140° F (59° Q).
Diurnal variations (as smuch as 357 /197 ) are most
extreme in the spring. Extreme lows range from 25° F
(-4° C) at Hun, 10 52° F (11° C) at Faya Largeau.
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Figure 6-12. Mean Spring Daily Maximum/Minimum Temperatures (F), Eastern Sahara.
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THE EASTERN SAHARA
SUMMER

GENERAL WEATHER. The Monsoon Trough, the
mjor summer weather feature, s at about 18° N. s
high humidity and precipitation seldom extends north of
20° N for morc than 3 days in a row. North of the
Trough's influence, it is extremely dry.

The Subtropical Ridge {which see) is centered over
the subrcgion during summer. it divides upper-level
westerfics to the north from easterlies to the south.

Juna-August

SKY COVER. With few lows traveling over the
Mcditerrancan, mean summer cloud cover over the
northern two-thirds of the region drops to less than 15%.
Cloud cover over the southem third, which is affected by
the Monscon Trough, increases 16 up to 55% and makes
summer the cloudiest season. Most low ceilings shown
in Figure 6-13, however, are caused by the suspended
dust that occurs with thunderstorms, rainshowers,
Tropical Squall Lines, and the thermal turbulence that
resufts from intensc surface heating.  Duststorms
commonly produce ceilings below 800 feet (245 meters).
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Figure 6-13. Mean Spring Cloudiness (Isopleths) and Frequencies of Ceilings Below 3,000 Feet (915

meters), Eastern Sahara.

Most cloud cover in the north is associaied with the
weakened Subtropical Jet (cirrus and  altocumulus).
Scaticred 10 broken cumulus, along with very isolated
cumulonimbus, can form along rare cold fronts crossing
the region’s northern fringes. This occurs only when the
summer high-pressure ridge cver Europe temporarily
weakens and allows weak cyclonic activity o penetrate

into the southern Mediterranean. Broken morning
stratocumulus is reported at Hun and Jalu about once
cvery 5-7 years. It probably develops in the Gulf of
Sidra and penetrates inland with abnormally strong
northwesterly Mow. Bases are 1,500-2,500 feet (455-760
meters), tops below 5,000 feet (1,525 meters) MSL.
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SUMMER

Cloud amounts increase in a band between 50 and 250
miles south of the Monsoon Trough. Cumulus, towering
cumulus, and cumulonimbus form within the maritime
tropical (mT) airmass layer, normally when the laycr is
3,000-5,000 feet (915-1.525 meters) thick, Fair-weather
cumulus forms daily with about 6,000-foot (1,830
metcrs) bases and tops below 10,000 feet (3,050 meters)
MSL. Altocumulus forms in and near the Mid-
Tropospheric  Easterly Jet and within the outflow
boundary of expanding cumulonimbus and towering
cumulus. Altocumulus can also form as the continental
tropical (cT) airmass overrides an mT airmass along the
Intertropical Discontinuity. Bases are 15,000 to 25,000
fect (4,570 to 7,620 meters) and tops are between 16,000
and 27,000 feet (4,875 and 8,230 meters) MSL.
Cumulonimbus and towering cumulus can form an
organized, westward-moving line of convection called a

June-August

"Tropical Squall Line," which see. Bases arc 4,000 to
8,000 feei (1,220 to 2,440 meters); tops reach 60,000
fect (18 km). Altostratus and stratocumulus decks may
form under stable conditions after a Trepical Squall Line
passage and persist for 6 to 8 hours. Altostratus bases
range trom 8,000-12,000 feet (2,440-3,660 meters) MSL
with tops to 20,000 fect (6 km) MSL. Stratus is very
rare, forming in the early morning hours alter heavy
rains.

VISIBILITY. Summer duststorms are rarc north of the
surface Monsoon Trough because few synoptic

disturbances affect the area. However, turbulence caused
by intense surface heating raises some dust and results in
the slight mid-day increase in low visibilities shown in
Figure 6-14,
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THE EASTERN SAHARA
SUMMER

Visibilitics below 3 miles arc much more common in
the region’s southern third, where {requencies are more
than 30%. Abu Hamed and Atbarah see more
dust-related low visibilitics during the summer thun at
any other time as the Monsoon Trough oscillaces through
the arca every day throughout much of July and August.
Large-scale movements in the Monsoon Trough cause
widéspread blowing dust or duststorms to its immcdiate
south. These storms can last for several hours, raising
enough sand and dust to bury roads and train tracks.

Farther south, thunderstorm and squall line
downdrafts cause duststorms, usually within a 50 to
250-mile band south of the surface Monscon Trough.
These storms can reduce visibilities to 100  yards,
affccting an arca 150 miles in diameter and lasting for
lcss than an hour. Tropical Squall Lines can produce
"walls of dust" that are a few hundred feet high. These
severe duststorms are called "Haboobs” in Sudan. They
arc usually most severe in carly summer.

Tunisia,'.

L P

June-August

Thunderstorm precipitation, most common south of
the Monsoon Trougn, may briefly lower visibility to
below a mile. Moming fog with 2-5 mile visibilities can
form after nocturnal showers. Damp haze with 4-6 mile
visibilitics can form around salt masshes and in the Nile
Valley. Otherwise, fog and damp haze are very rare in
the Sahara.

WINDS. The Azores High keeps winds blowing
steadily out of the north through most of ithe summer, but
south of 20° N they turn (0 northeasterly. Southwesterly
winds prevail south of the Monsoon Trough’s surface
position. Surface wind speeds range from 5 knots at
Luxor to 15 knots at Ghadames. Winds aloft are

primarily northwesterly to northeasterly, as was shown in
Figure 6-5. Mean wind speeds aloft are generally below
15 knots because the axis of the Subtropical Ridge is
directly over the region.
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Figure 6-15. July Surface Wind Roses, Eastern Sahara.
6-22




THE EASTERN SAHARA
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PRECIPITATION. Summers are dry north of 20° N;
most stations average no rain at all.  Precipitation
increases slightly in the northwest comer because of

June-August

orographic lift along the Nalusah Mountains’ windward
side, but cven herc average rainfall is less than 0.2 inches
a month.
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Figure 6-16. Mean Summer Monthly/Maximum 24-hour Precipiiation, Eastern Sahara. I[sohyets

represent mean scasonal rainfall totals.

South of 20° N, the Monsoon Trough produces some
raintfall in July and August when showers develop more
than 150 miles south of and parailel to the surface
‘Trough. Monsoon Trough air is 3,000 to 5,000 feet (915
1o 1,525 meters) deep there--a necessary condition for
strong convection.  Although rainfall is rcasonably
predictable south of 20° N, it varies widely from ycar to
ycar. Nearly 70% of summer rain falls from only two or
three rainshowers or thunderstorms. Monthly rainfall

1otals have reached 5 inches (125 mm) at some locations,
but these amounts arc extremely rarc.. The rare heavy
cain can produce 0.1 (3 mm) to 1 inch (25 mm) in an
hour and causc (lash floods. Widespread showers with
embedded thunderstorms can occur when flow above 750
mb is southerly or southcasterly. Figures 6-17a and
6-17b depict flow at the gradient and 700-mb lcvels in
such a case.
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Figure 6-17b. 700-mb Flow, Widespread Summer Rain and Thunderstorms.
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Strong squall lines with cloud tops exceeding 55,000
feet (16.7 km) produce thunderstorms with hail and
frequent lightning. A strong upper-level cquatorial
moisture surge usually causes the Monsoon Trough (o
move abnormally northward, resulting in rain where it is
lcast expected.  Although it only happens every 20-50
years, even Kufra can get a heavy downpour in August
when the Monsoon Trough surges north of 25° N,
Northern Chad’s  Tibesti Mountains  provide some
orographic uplift. Normally, the Monsoon Trough is not
far cnough north 10 produce more than isolated
fair-wecather cumulus, but Tibesti vegetation suggests
that scattered but bricf showers do occur. Although there
arc no observing stations in the mountains, at least 2
inches (50 mm) is likely above 5,000 feel (1,525 meters)
during the summer.

|

June-August

TEMPERATURE, Junc and July arc hottest in the
south, as shown in Figure 6-18. Mean daily highs arc
above 100° F (38° C) throughout the region cxcept in
arcas within 200 miles of the Mediterrancan Sca. They
are as high as 111° F (44° C) at Faya Largcau in Junc.
The highest temperatures occur in stagnani air masses
before northward surges of cooler Monsoon Trough air.
Extreme highs range from 113° F (45° C) at Tazerbo to
131° F (55° C) at Ghadames. The rare observing data
available indicates that temperatures reach 140° F (59°
C) in the remote Sahara. Soil surfaces are even hotter,
Extreinc summer lows range from 49° F (9° C) at Jalu to
70° F (21° C) at Abu Hamed.
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Figure 6-18. Summer Mean Daily Maximum/Minimum Temperatures (F), Eastern Sahara.
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THE EASTERN SAHARA
FALL

GENERAL WEATHER. During the fall the Azores
High slowly migrates southward toward its winler
position. Large-scale northwesterly low- and mid-level
(low retums to the Eastern Sahara. The Saharan High
replaces the Saharan Heat Low and reinforces
northwesterly flow. Southern and western Libya are the
only places where the Saharan Heat Low persists through
October. Surface heating in the Saharan interior permits
a shallow thermal low-pressure cell to maintain cyclonic
tow-level flow. Cold fronts, cloudiness, and precipi-
tation begin (o re-enter the region.

As the Monsoon Trough migrates rapidly southward,
the unseitled weather (showers, thundershowers, and
duststorms) also moves south. ‘The Trough is usually
south of the region after September.

’

Septomber-November

SKY COVER. Increasing cyclonic activity increases
mean cloudiness in the north to about 25%, mostly in the
northwest.  Cold [ronts spread cirrus and altocumulus
(mosily layered) with bases above 10,000 feet (3,050
meters). Cirrus lops are often above 40,000 feet (12 km).
Altocumulus castellanus also forms along the cold front,
spreading virga. Cumulus and isolated cumulonimbus
also form along the cold front; bascs are 3,000 to 6,000
fcet (915 to 1,830 meters). Cumulonimbus tops are
60,000 feet (18 km). Bases may lower to 500 feet (150
melers) in heavy thunderstorms.  Stratocumulus may
form in the extreme north after frontal passage, with
2.000- to 5,000-foot (610- 1o 1,525-meter) bases, tops to
7,000 feet (2.135 meters). The cooler, less dry air allows
stratocumulus and cumulus to form around salt marshes
in the afternoon and afler frontal passage. bases are

2,500 fect (760 meters). Siwa and Bahariya are affecied
most, as shown in Figure 6-19.
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Figure 6-19. Mean Fall Cloudiness (Isopleths) and Frequencies of Ceilings Below 3,000 Feet (915

meters), Eastern Sahara.
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THE EASTERN SAHARA
FALL

Cloudincss decreases in the south (0 about 20% as the
Monsoon Trough recedes,  The Trough affects the
southernmost locations in Sepiember, but disappears by
mid-October, lcaving aimost cloudless skies. Cirrus may
form in outflow f(rom cumulonimbus or along the
Tropical Easterly Jet. Altocumulus forms near the
Mid-Tropospheric  Easterly Jet and (he outflow
boundaiics of large cumulonimbus and tlowering
cumulus. It also forms in continental tropical (cT)
airmasscs that slope equatorward over maritime tropical
(mT) air along the Inertropical Discontinuity. Bases
average 15,000 feet (4,570 meters) and Lops reach 22,000
feet (6,700 meters). Cumulus forms within the moist mT
airmass with 4,000 to 8,000-foot (1,220- to 2,440-meter)
bases  and 10,000 feet (3,050 meters).

tops o

Tunisia,x

September-November

Cumulonimbus and towering cumulus develop within a
150-250 mile band south of the surface Monsoon Trough
where mT air is 3,000-5,000 fect (915-1,525 meters)
deep. Tops reach 60,000 feet (18 km).

Most ceilings are above 3,000 feet (915 meters), and
most low ceilings in the south are the result of dust. Fall
stratus is rare, but it may form after a heavy September
rainfall south of the Monsoon Trough.

VISIBILITY. Visibilities are best during the fal
because the synoptic-scale disturbances that gencrate
duststorms are absent. The Monsoon Trough leaves the
subregion by October, and there is no mid-latitude
cyclonic activity until November,
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THE EASTERN SAHARA
FALL

The few instances of low visibility arc primarily
caused by blowing dust and sand. Duststorms form with
strong. winds  around  cold  fronts, most often in
November.  The transitory high behind the cold front
intensifies the Harmattan (northeasterlics) and riggers
Harmawan Haze in Chad. Visibilities can drop below 3
miles in this haze if winds are strong; they can drop
below a mile for up to an hour with sustaincd winds of
3O knots or greater if conditions arc dry.

Frontal showers occur in November at stations north
of a line running from Ghadames to Bahariya. Fog and
damp haze may develop during stable conditions ncar
local water sources, including the Nile Valley and desert
depressions with oases or salt marshes.

Tunisia:
7

b

v

Septamber-November

The Monsoon Trough only affects the region in
September when a surge of southwesterly fiow pushes
the Trough northward over Abu Hamed and Atbara and
triggers widespread duststorms immediately south of its
surface position. This is the dominant synoptic situation
that lowers visibilities below a mile in the northern
Sudan.

WINDS. Surface winds assume winter's pattern as the
Saharan High builds (Figure 6-21). The rcceding
Monsoon Trough causes Atbarah’s wind shift from
southwesterly during the summer to northerly, The
northeasterlies at Faya Largeau are enhancc” by
channeling through nearby canyons, which raises mean
wind speeds to 15 knots in the fall. Luxor's light

northwesterly winds are caused by the steep cliffs
surrounding the Nile Valley.
funnel along the valley floor.

Surface winds tend o
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Figure 6-21. October Surface Wind Roses, Eastern Sahara.
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THE EASTERN SAHARA
FALL

PRECIPITATION. Piccipitation is concentrated in the
north, where late fall fronts produce precipitation, and in
the south, where the the receding Monsoon Trough
produces rainfall south of 21° N in September. Rainfall
is erratic over the entirc area. Maximum 24-hour

Nov
0.210.2
0.2
30 Huny 0.4

September-November

precipitation greatly exceeds mean precipitation for the
entire month at most stations. Monsoonal thunderstorms
were responsible for the 24-hour rainfall of more than an
inch at Atbarah in September.  Asyut’'s 0.8-inch

maximum rainfall was from frontal activity.
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Figure 6-22.
represent iaean scasonal rainfall totals.

Mean Fall Monthly/Maximum 24-hour Precipitation, Eastern Sahara.
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THE EASTERN SAHARA ‘ .
FALL Saptember-November

TEMPERATURE. Mean daily highs decrease by more  Record temperatures range from 108° F (42 C) at Kufra O
than 15° F (6° C) through the fall, but they incrcase 1o 122° F (50° C) at Ghadames. Late fall polar surges

between August and September in the south as the  produced record lows of 27° F (-3°C) at Siwa and 54° F

Monsoon Trough recedes and the cloud cover decreases. (12°C) at Abu Hamed.
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Figure 6-23. Mean Fall Daily Maximum/Minimum Temperatures (F), Eastern Sahara.
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Chapter 7

SOUTHERN CHAD AND SUDAN

This region includes those parts of Chad, Sudan, anrd western Ethiopia that are south of the Sahara. Afier describing
the area’s situation and relicf, this chapter discusses "general weather conditions” by season.
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SITUATION AND RELIEF

SOUTHERN CHAD AND SUDAN
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SOUTHERN CHAD AND SUDAN

GEOGRAPHY. The enlire region lies above 650 fect
(200 meters). It is dominated by plaicaus dissected with
dry intermittent stream beds or wadis. Isolated mountain
ranges rise 10 heights greater than 10,000 feet (3,050
meters), The Sudd, in southern Sudan, is a seasonal
drainage basin thai covers 50,000 square NM.

Jabal Marrah is the highest point in the Muarah
Mountains at 10,073 feet/3,071 meters. It overlooks
west-central Sudan’s Darfur Highlands, a rolling plateau
that covers 138,150 square NM. The smaller and less
extensive Quaddai and Guera mountain ranges run north
to south along the Chad/Sudan border west of the Darfur
Highlands. Quaddai Range elevations are between 4,200
and 4,900 feet (1,280 and 1,495 meters); in the Guera
Range, elevations rise 10 5,900 feet (1,800 meters).

The Nuba Mountains lie south of the Durfur
Highlands. They contain old weathered hills at heights
from 3000 to 4,000 fect (915 to 1,220 meters).
Intcrmittent streams flow toward the White Nile and
crcate large, silt-covered fans on the desert {locr.

The northern Imatong Mountains in extreme
southeastern Sudan divide the extensive marshlands of
the Sudd. Mount Kinyeti, on the northern edge of the
Imatong Mountains, is the region’s highest pcak (10,456
fcet/3,187 meters); it extends from Kcnya and Uganda
northward into extreme southeastcrn Sudan. Only 400
squarc NM of this mountain range (including Mt
Kinyeti) lies inside the siudy area.

DRAINAGE AND RIVER SYSTEMS. The largest
drainage system in the region is the Nile. It combines the
Bluc Nile (source: Lake Tana in the Ethiopian
Highlands) and the White Nile (source: Lake Victoria).

The White Nile descends 1,970 feet (600 melers) as it
flows northward to the Sudd. It loses over hail its
discharge to evaporation before reaching the Blue Nile at
Khartoum. The Sudd floods annually when wet scason
rains raise the Whitie Nile several feet above flood stage.
Major tributaries of the White Nile include the Ghazal,
Sobat, Jur, and Akobo.

As the Blue Nile flows northwestward {rom the
Ethiopian Highlands toward Khartoum, it cuts steep
porges it the lower  foothills  of  the  Ethiopian
Highfands, There is a large dam s Roscires, Sudan. The
river’s length Trom Roscires to Khartoum is about 400
NM. South of Khartoum, there is an extensive canal
system that links the Bluc and White Nile. It provides

SITUATION AND RELIEF

navigation and irrigation throughout the adjacent

countryside.

The Chari River and its main tributary, the Logone,
are Chad’s major watcrways. The Chari flows northwest
and north 500 NM from Sarh (Fort Archambault) to
N’Djamena; it forrns the border with Cameroon as it
enters the southern part of Lake Chad. At times of high
water, iwo channels branch off the main stream, onc
rejoining the Chari downstream, the other emplying into
the large swamplands near Lake Fiuri (13° N, 17° E).
The Logone River flows 240 NM northwestward in Chad
before meeting the Chari at N'Djamena (Ft Lamy). Both
rivers are navigable for small steamers north of 11° N
during the wet scason,

LAKES AND RESERVOIRS. Lake Chad is the fourth
largest water body on the African continent. Tts surface
arca varies seasonally from 3,800 to 9,950 squarc NM.
The variations are the result of seasonal rainfall and
discharge from the Logone and Chari Rivers. Lake
Chad, a [resh-water source, is 787 feet (240 mete's)
above sea le vel at its lowest point.

The Bodele Depression (about 9,000 square NM) lies
10 the northeast of Lake Chad. Its basin averages 820
feet (250 meters) above sca level and occasionally fills
from the flooded Chari River. Its southern edge lies
within the study arca.

VEGETATION. Well-developed  woodland  and
wooded grassland (savannah) grow in areas with greater
than 20 inches (500 mm) of rainfall a year in the south.
Small areas of topical rain forest flourish along the
Cameroon and Zaire borders.

Between 12° and 14° N, there is a transition from
wopical savannah to semidesert steppe. In the very dry
extreme north, scatiered scrub vegetation grows; this
area marks the southern limits of the Sahara. The
semideserl steppe contains thom rees.  Large shrubs
with only scauered trees are the dominant forms of
vegetaiion above 3,000 feet (915 meters).

Extensive marsh vegetation grows in low-lying areas
such as the Sudd, as well as in the areas around most
rivers and  lakes. Most of thesc arcas become
savannah--open, treeless grassland--during  the dry
scason. By the end of the dry scason, most grass appears
to be dead. The arca along the White Nile between 5°
and 10° N is permancnt swampland.
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SOUTHERN CHAD AND SUDAN SITUATION AND RELIEF

STATION: KHARIQUM SUDAN
LAT/LON: )&% 36 B 32 33 K RLEV: 12471 FI __
ELEMENTS |JAN |FEB |MAR |APR |NAY |JUN |JUL |AUG |BKP [OCT |ROY |DEC | ANN
XTEN MAX | 104] 111] 313] 117] 117] 118] 117] 110| 114] 113] 108] 104 118
AVG HAX 0| 93] 100| 108| 107] 107| 101] 98| 10i| 104| 87| 92] 9
AVG MIN 60| 62| e8] 72| 78| 79| 78] 78| 77| 78] 69| 62| 71
XTRM MIN | 41| 44| 48] 53] e1] 67| 65| es| 61| 62| 54 43 41
AVG PRCP | | » | » | # | 0.2] 0.3 2.0] 2.9| 1.1 0.2| * | s | 6.7
HAX MON +| *] 06|08 0.8 2.5 6.2] 6.9] 3.8] 1.0] 0.3 * |t1.1
HMAX DAY s | =] 0.6 1.0] 0.0] 1.4| 3.4 3.2{ 2.0] 1.0] 0.1] * | 4.2
T5 DAYS o] o] o] o 3| 1] 5] e 8| 2] »| o 20
DUST DAYS | 2| 4| 6] 6] 5] 7 21 3| 1] 1| 1] 2] 38
APP TIMP | 87| 90| 97| 102| 110; 105| 102| 108] 107| 10¢] 97| 90
 §

* = LESS TRAN O.05 INCHKS OR LESS THBAN 0.5 DAYB

[ BIATION: KASEALA EUDAN
IAT/LON: 15 28 N 36 24 K ____  KLEV: 1644 FT .
ELEMENTS |JAN [FXB |MAR |AFR MAY [JUN [JUL |AOG |SEP [OCT [NOV [DEC | ANN
XTEN MAX | 107] 111} 114] 114 116] 117] 108) 104] 109] 110] 109 106] 117
AVG MAX 94| 97| 102| 108) 107| 104{ 96| 3] 87| 102| 100{ 95| 99
AVG MIN 61] €1l 67| 73j 77) T7] v3f 72| 13f 74| 70| 64 710

XTEM MIN 41 43| 48] 53] 52| 61| 59] &9 59 62 51 48] 4
AVG PRCP b L * | 0.2 C.5] i.1] 3.9] 4.9 2.4} 0.3 &« * j13.4
MAX MON * | 0.4] 0.5] 1.5 2.5| 4.1]10.8] 9.3| 6.3]| 2.0| 0.8] «x |19.2
MAX DAY * | 0.3] 0.5|] 0.8f 1.5} 2.2] 3.2| 4.0| 3.6| 1.0/ 0.8 = | 4.0
0 0
1 1

T8 DAYB s . 1 3 3 8 8 8 2 0 L2

DUST DAYS 1 2 1 2 L 1 L * - * 11

AFP TEMP 90 90| 98§ 100| 100] 103} 97] 95/ 93§ 105] 100] 95
& = LESS TRAN 0.05 INCHES OR LXSS THAN 0.5 DAYS

Figure 7-1b. Climatological Summaries for Two Statiens in Southern Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
DRY SEASON

GENERAL WEATHER. The dry season is dominated
by northeasterly surface flow from the Saharan High and
upper-level westerlics.  Conditions arc stabic except in
the extreme south where shallow cquatorial moisturc
produces isofated showers associated with a  bricl
Monsoon Trough surge to 5° N in early November and
tatc February. Diurnal showers are widely scattered.

SKY COVER. Dry scason cloudiness is lowest of the
year. The imean cloud cover pattern (Figure 7-2) shows a
distinct north-to-sonth distribution, with 20% in the north
and 60% in the south. The increase to the south is
caused by eqguatorial moisture advection and diurnal
convection. Continental tropical (cT) air dominates most
of the arca, cxcept for a small area near Juba in
November and late February when maritime tropical
(mT) air dominates. The cT air originates in the Sahara
and is dry below 10,000 feet (3,050 meters) MSL. As a
result, significant cloud cover is rare during the dry
scason, but altocumulus and cirrus accompany intense
cold fronts; cumulus, cumuionimbus, and altocumulus
castellanus occasionally accomnany a rare November
Atlas Low.

Clirrus is reported at or above 20,000 feet (6 km) MSL
bus is only about 400 fect (120 meters) thick. Cirrus
“hiow-of (" with frontal thunderstorms may be thicker
(1,000 to 2,000 feet/305 to 610 melers) with bases from

November-February

40,000 to 50,000 feet (12 to 15 km) MSL. Altocumglus
bases range from 10,000 to 18,000 feet (3,050 0 5485
meters) MSL and 1,000 to 2,000 fect (305 1o 610 meters)
in thickness. Altocumulus castellanus bascs range from
8,000 o 15,000 feet (2,440 10 4,570 meters) MSL, with
tops 10 40,000 feet (12 km) MSL; virga may fall from
these clouds. Fair-weather cumulus may develop with
intense afternoon heating in northern Sudan;  bases are
between 4,000 and 8,000 feet (1,220 and 2,440 meicrs),
average thickness is 2,600 feet (610 meters).

During November and late February, southern
Sudan’s cxposure to mT air generates increased diurnal
cloud cover in the form of afterncon fair-weather
cumulus with bases from 4,000 to 8,000 feet (1,220 to0
2440 meters).  Altocumulus and cirrus form in
cross-cquatorial, southern hemispheric flow with bases
that range from 12,000 to 20,000 feet (3,660 to 6,100
meters) MSL.

Ceilings beclow 3,000 feet (915 melers) arc very rarc
during the dry season, as shown in Figure 7-2; however,
dust obscures skics before and after cold front passage in
northerr: sections. Such rare dust-generated low ceilings
are usually reported at 100 to 800 feet (30 to 245 meters),
Afternoon cumulus ceilings at 1,500 to 2,500 feet (455 to
760 mecters) havc been reported in southern Sudan and
Chad, but rarely.
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Figure 7-2. Mean Dry Season Cloudiness (isopleths) and Frequencies of Ceilings Below 3,000 Feet (915

meters), Southeryn Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
DRY SEASON

VISIBILITY. The primary dry season visibility
restrictions are blowing dust and dust haze. Dry soil
conditions ncar Khartoum, N’Djamena, and Moundou
provide noticeable fow visibility frequency distributions
in the region (Figure 7-3). All these stations are in river
valleys and dry lake beds with plenty of fine silt. Rocky
or moist arcas like Am Timan’s rocky highland and
Wau's swampland/savannah see very few low
visibilities.

Fog, moisture haze, and precipitation only occur south
of 10° N, but they rarely lower visibility. Frequency of
visibilitics below 3 miles varies from 37% at N'Djamena
just after sunrise 10 (% in the aftemoon at Juba and Wau.

November-February

Dominant ¢T air carries Sahara dust and sand into the
region. Dust haze reduces visibilities o 3-6 milcs on an
average of 8§ to 18 days a dry season. Polar surges
behind intense cold fronts reinforce the Saharan High
and tighten the surfece pressure gradient between the
front and the Monsoon Trough. Strong northeasterlies
produce Harmattan ccnditions (which sce); these aficet
Chad and western Sudan for periods of 1 to 4 days.

Khartoum and El Obeid have duststorm activity with
strong northwesterly winds behind active cold fronts.
Deep upper-level troughs bring significant polar air
advection southward into central Sudan, while turbulent
mixing at the surface lowers visibilities o 1 mile for
shost periods.
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Figure 7-3. Mean Dry Season Frequencies of Visibilities Below 3 Miles, Southern Chad and Sudan.

WINDS. Under the Saharan High’s influcnce, winds are
northerly to northeasterly  In Sudan, strong subsidence
from the Subtropical Ridge combines with blockage
(rom the Ethiopian Highlands to provide the constant
northerly winds shown in Figure 7-4.

Aloft, winds back 0 westerly under the Subtropical
Ridge's influence in the north, but easterly flow persists
in the south--see Figures 7-5a-c. This flow allows an
intense upper-level disturbance to occasionally affect
Sudan.
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SOUTHERN CHAD AND SUDAN
DRY SEASON November-February
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Figure 7-4. January Surface Wind Roses, Southern Chad and Sudan. Note the separate "percent frequency’
scale used for Juba,
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Figure 7-5a. Upper-level Annual Mean Wind Direction, Khartoum, Sudan. Note that the
wind dircction axis has been shifted o start ai 180 degrees.
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SOUTHERN CHAD AND SUDAN

DRY SEASON November-February
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Figure 7-5b. Upper-level Annual Mean Wind Dircction, N’Djamena, Chad.
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SOUTHERN CHAD AND SUDAN
DRY SEASON

Wind dircction at 30,000 feet (9 km) (Figure 7-6) is
dominated by the Subtropical Ridge. Weslterly flow is
variable from west-southwest to west-northwest in any
given month; it persists throughout the dry scason north
of the Subtropical Ridge.  November upper-level
casterlies are found in the extreme south; they provide a

Ll

Wige.-

a - Khartoum,

November-February

good outflow mechanism for isolated convection south
of 5° N where low-level moisture remains abundant.
Wind speeds at 30,000 feet (9 km) range from 20 to 38
knots, but speeds are higher at El Obeid and Khartoum
because of their proximity to the Subtropical Jet Strcam.

Sudan
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Fipure 7-6. Mean Annual 30,000-foot (9 km) Wind Direction, Southern Chad and Sudan. Mote that the wind

dircction axis has been shifted to start at 130 degrees.

PRECIPITATION. Dry season precipilation is rare
except for brief surges of equatorial moisture in
November, early December, or February. As shown in
Figure 7-7, mean precipitation averages less than 1 inch
(25 mm) in the dry season except at Juba, which gets 1.4
inches/35 mm in November.

Maximum 24-hour rainfall occurs with intense polar
fronts north of 12° N and with isolated convection in the
south, where the Monsoon Trough generates isolated

thunderstorms--see Figure 7-8. Thunderstorms tops are
above 40,000 feet (12 km) MSL.

Upper-level polar troughs in the Mediterrancan Sca
arca are 100 dry and weak o penetrate southern Chad and
Sudan. Precipitation is rarely recorded north of 7° N in
Chad. Light snow is possible on the highest peaks of the
Marrah Mountains--polar oultbreaks strong enough to
produce snow occur once every 50 to 75 years.
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Figure 7-7. Mean Dry Season Monthly/Maximum 24-hour Precipitation, Southern Chad and Sudan. Isohyets
represent mean seasonal rainfall totals.
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Figure 7-8. Mean Dry Season Thunderstorm Days, Southern Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
DRY SEASON

TEMPERATURE, Dry scason mcan daily highs range
from 89° to 104° F (32° t0 40° C). Abeche's mean daily
highs (Figure 7-9) average 100° F (38° C) or beticr
throughout the dry season. In January, the diurnal
teinperature range is greater than 40° F (23° C).  Record
highs include 106° F (41° C) at El Fasher in February

November-February

and 113° F (45° C) at Moundou. Mcan daily lows range
from S0° F (10° C) at E1 Fasher t0 71° F (22° C) at Juba;
subfreezing temperatures have been observed at Ef Obceid
and in the Marrah Mountains. Record lows includc 31°
F (-1° C) at El Obeid and 50° F (10° C) at Sarh. Most
stations never rcport less than 40° F (4° C).
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Figure 7-9. Mean Dry Season Daily Maximum/Mirimum Temperatures (F), Southern Chad and Sudan.



SOUTHERN CHAD AND SUDAN
DRY-TO-WET TRANSITION

GENERAL WEATHER. Variable weather during the
transition is caused by the Monsoon Trough's slow
J-month migration northward across the region. The
Trough moves fasiest in extreme castern Sudan and
western Ethiopia because of topography.  During the
ransition, the Trough oscillates northward every 3 to 5
days, then retreats southward for 20 to 50 NM for aboul a
day before another northward surge. The return of the
wet season follows Trough passage by 2-4 weeks.
Precipitation, cloudiness, and surface wind shilts affect
the entire region by late-May.  Wel conditions are
cstablished at Wau, Juba, and Moundou in March, and at
Khartoum, El Fasher, and El Obeid in May. Welter
conditions develop after southerly winds arc cstablished
for 4 to 6 days in succession,

Another important transition feature is the Subtropical
Ridge.  Early in the transition, castecly flow aloft is
cstablished in the extreme south, where there is good
outflow for sustained convection, Westerly flow aloft
persists north of the Subtropical Ridge. By late May,
casterly flow at the mid- and upper-levels cstablishes
deep convection through most of the region.

SKY COVER. The Monsoon Trough’s northward
migration increases mean cloudiness south of the

March-May

Trough's axis, which separates continental tropical (cT)
air from maritime tropical (mT) air. North of the trough,
cloud cover patterns are similar to dry scason
conditions--see Figure 7-10. At Juba, Wau, and Sarh,
moist southerly mT air surges northward o 14° N by late
May to result in still more cloudiness.

Ail cloud types are found in the mT air mass. Cirrus
develops as outflow "blow-off” from cumulonimbus or
within upper-level easterly flow south of the Subtropical
Ridge. By latc May, altocumulus reappears near the
Mid-Tropospheric Easterly Jet (MTEJ) and 100 to 200
NM south of the surface Monsoon Trough. Afternoon
heating produccs fair-weather cumulus south of the
Monsoon Trough; this can grow into towering cumulus
and cumulonimbus if enough moisture reaches 700 mb.

Cirrus is reported at or above 20,000 feet (6 km)
MSL, but thunderstorm blow-off reaches 40,000 to
60,000 feet (12 to 18 km) MSL and is 1,000 to 1,700 feet
(305 to 520 meters) thick. Altocumulus bases are from
10,000 to 18,000 feet (3,050 to 5,485 meters), with tops
to 20,000 feet (6 km) MSL north of the surface Monsoon
Trough. Altocumulus in mT air forms from 15,000 to
25,000 feet (4,570 to 7,620 meters), with tops to 27,000
{ect (8,230 meters) MSL.
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Figure 7-10. Mean Dry-to-Wet Transition Cloudiness (Isopleths) and Frequencies of Ceilings Below 3,000
Feet (915 meters), Southern Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
DRY-TO-WET TRANSITION

Fair- weather cumulus bases range from 4,000 to 8 (K0
feet (1,220 to 2,440 meters) in mT air and are generally
2,000 fect (610 meters) thick. Cumulonimbus with tops
10 60,000 feet (18 km) and towering cumulus with tops at
30,000 feet (9 km) can form with deep low-level
moisture support. Heavy thunderstorm clouds may have
bases at SO0 feet (150 meters).

Cetiings below 3,000 feet (915 meters) can occur
along the Monsoon Trough, but rarely. Blowing dust
produces obscurations atong the Trough axis with
ceilings from 200 to 1,000 feet (60 to 305 meters).

Afternoon cumulus with bases from 1,500 to 2,500
fect (450 to 750 meters) forms between Moundou and
Juba. By late May, these clouds may occur tiroughout
the rcgion as the surface Monsoon Trough’s mean
position shifts north of 16° N. Heavy late-season rainfall
can produce moisture haze and thin fog in the dense
jungles of southern Sudan and Chad. The arcas south of
Sarh and Wau have cumulus ceilings 15-25% of the time,
usuzally between 5,000 and 7,000 feet (1,525 and 2,135
meters).

March-May

VISIBILITY is a function of Monsoon Trough position.
Sudden surges often increase surface flow to 10 knots or
greater for 3 to 9 hours; gusts can carry dust and sand
along the Trough axis and reduce visibility to less than 3
miles.

Polar surges behind Atlas Low cold fronts reinforce
northerly flow across the Sahara and often form dense
dust haze that reduces visibility to 3-6 miles. Polar
surges increase the surlace pressure gradient north of the
Monsocon Trough and result in strong northeasterlics that
produce Harmatian Haze {which see); local visibilities
may be reduced 10 a mile or less.

Northward surges in the Monsoon Trough can
produce blowing dust or sand depending on soil
condition and wind speed. Wind speeds greater than 10
knots are common 1 to 3 hours before a northward surge.
Ground fog forms after a heavy rain. Visibilities can
approach zero in thundersiorm downbursts at Juba and
Moundou in March, and at Khartoum or Abeche in latlc
May.
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Figure 7-11. Mean Dry-to-Wet Transition Frequencies of Visibilities Below 3 Miles, Southern Chad and
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SOUTHERN CHAD AND SUDAN
DRY-TO-WET TRANSITION

Soil condidon is also a determinant of visibility.
Dense vegetation, such as at Juba, or rocky highlands,
likc those at Am-Timan, resull in low frequencies of
visibilities below 3 miles. Precipitation or fog cause
ncarly all low visibilities south of the Monsoon Trough
except for around Khartoum and N’Djamena, where
strong winds lift soil easily whencver it is nol saturated.

As the Monscon Trough moves northward, dry soil
conditions (and increased chances for duststorms) also
move northward.  Subsoil moisture and vegetation
increase with rainfall south of the Trough. Low-level
convective  instability causes  diurnal  variations  in
visibilities less than 3 miles.
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March-May

WINDS. Mean surface wind speeds vary from 6 to 12
knots--directions depend on Monsoon Trough position.
The high variability of N'Djamena’s winds, shown in
Figure 7-12, indicates that the Trough fluctuates around
this station in April. Early-season southerly surface flow
is persistent at southern stations. Strong surface winds
(15 knots or greater) frequently occur with mid-latitude
fromal passages over the Sahara. Northeasterly flow
penctratcs southward to N'Djamena, Ati, and El Fasher
24 10 48 hours after the frontal passage.

Winds aloft also reflect the Monsoon Trough's
northward progression, as shown in Figures 7-5a-c.
Northern stations see dry northerlies at 5,000 fect (1,525
meters) until mid-May,

Khartoum

Figure 7-12. April Surface Wind Roses, Soutkern Chad and Sudan.

PRECIPITATION. Figure 7-13 shows mean monthly
precipitation.  The rapid incrcase in rainfall in May
shows that dcep low-level moisture is cstablished.
Heavy convective rainfall docs not occur until the
surface Trough position is 50 10 250 NM north of the

station, Thunderstorms and squall lines initially develop
in April, bul squall line activity is not weil organized
until late May when the MTE) is established--see Figure
7-14. Tops can cxceed 50,000 feet (15 km) MSL by
May.
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SOUTHERN CHAD AND SUDAN

DRY-TO-WET TRANSITION March-May
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Figure 7-13. Mean Dry-to-Wet Transition Monthly/Maximum 24-hour Precipitation, Southern Chad and
Sudan. Isohyets represent mean seasonal rainfzll totals.
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Figure 7-14, Mean Dry-to-Wet Transition Thunderstorm Days, Southern Chad snd Sudan.
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SOUTHERN CHAD AND SUDAN
DRY-TO-WET TRANSITION

TEMPERATURE. The mcan daily highs shown in
Figure 7-15 are similar 10 wet season temperatures south
of 11° N because mean cloud cover distributions are
similar. Most southem stations record their warmest
temperatures of the year in March and April; mean daily
highs increasc by 4° to 8° F (2° 1o 5° C) from those of

March-May

the dry scason, ranging from 92° to 111° F (33° 1 44°
C). Record highs include 111° F (44° C) at Juba to 117°
F (47° C) at Khartoum and N’Djamena. Mean daily
lows range from 58° F (14° C) at El Fasher in March to
78° F (26° C) at Khartoum in May. Record lows are 40°
F (4° C) at El Fasher and 60° F (16° C) at Sarh.
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Figure 7-15. Mean Dry-to-Wet Transition Daily Maximu
Sudan.
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SCUTHERN CHAD AND SUDAN
WET SEASON

GENERAL WEATHER. The Monsoon Trough stays
just north of southern Chad and Sudan throughout the
wcl season, causing scattered showers and thunder-
storms. Wet-season weather is dominated by synoptic
and mesoscale disturbances caused by mid-level
instability (the Mid-Tropospheric Easterly Jet--MTEJ--
and African Waves) and the Monscon Trough. The
MTEJ, normaily between 13° and 15” N, produces local
vorticity maxima through horizontal shearing around 650
mb. Wct-season disturbances include Tropical Squall
Lines, Haboobs, and isolated convection near the MTEJ.

June-September

Larger scale Easterly Waves propagale westward
between 10° and 15° N, frequently spreading cloudiness
and precipitation between late June and mid-September.

SKY COVER. The wet season is cloudiest of the ycar.
The highest mcan cloud cover perceniages are beiween
N’Djamena and Damazine (Figure 7-16). This pattern is
caused by the persistence of the MTEJ and the Tropical
Easterly Jet at 200 mb. Both jets provide considcrable
amounts of altocumulus and cirrus.
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Figure 7-16. Mean Wet Season Cloudiness (Isopieths)
meters), Southern Chad and Sudan.

The mT air south of the surface Monsoon Trough
produces convective clouds in the moming. Fair-weather
cumulus (about 2,000 feet/610 meters) thick) forms from
diurnal instability; bases range from 4,000 to 8,000 feet
(1,220 t0 2,440 meters). Mid-level disturbances or
Easterly Waves trigger greater cumulus development
throughout the day, but the MTEJ provides the mid-level
divergence nccessary for increased cloud development,
Hcavy conveclion in a large-.. ale African Wave, which
causes v stward-moving squall lines to develop, is
common from late Junc 1o mid-September between 13°
and 15° ¢and 15° 1030°E.  Cumulonimbus tops rcach
60,000 cet (I8 km) MSL: towering cumulus reaches
only half that.

Bases are about the same as [air-weather
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and Frequencies of Ceilings Below 3,000 Feet (915

cumulus. Altostratus and stratocumulus decks form in
the wakes of squall lines with bases between 8,000 and
12,000 feet (2,440 and 3,660 meters) and toos to 20,000
feet (6 km) MSL..

Stratus is rare, but it can form in the early morning
after heavy rains; bases are 200-1,000 feet (60-305
meters). Thin fog usually dissipates after sunrise.

Frequency distributions of ceilings below 3,000 fect
(915 melers) are 13% or less throughout the region
(Figure 7-16). Midday (1300 LST) percemages at
Moundou and Sarh reflect abundant low-level moisturc.,
Elsewhere, low ceilings result from isolated cumulus and
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SOUTHERN CHAD AND SUDAN
WET SEASCON

morning stratocumulus.  Lowest ceilings range from
1,200 to 2,500 feet (365 to 760 meters). Daytime heating
can lift morning cloud bases to 8,000 feet {2,440 meters);
turbulent surface mixing can dry out the lower layers in
sl b 2 Tew exremely saturated susface conditions,
Dust is the primary cause of ceilings below 3,000 feet
(915 meters) at El Fasher, Khartoum, and Kassala,
however, heavy squall-ling showers occasionally result in
fow ccilings from June 10 August. Often, dust and sand
lificd ahead of a squall line can be observed 30 minutcs
before it reaches the station. Low ceilings rarely last
more than an hour.

VISIBILITY. Considering the high mean cloudiness
and abundant moisture, wel season visibilities are
generally good. The moist mT air mass, however, does
cause some fog, thunderstorms, and damp haze.
Duststorms occur at Khartoum, Kassala and El Fasher,
but few are observed in July or August during peak
squall-line activity. Because the soil is wetter, little dust
or sand is raised when specds arc less than 15 knots,

June-Saeptember

Near-zere visibility is possible during thunderstonmns.
Light rain, drizzle, and fog can occur with mT air in the
stable post-squall environment; visibility can be reduced
to less than 3 miles for 6 to 8 hours. Downbursts and
strong gust fronts in June squall lines develop walls of
dust (known as Haboobs in Sudan) that can lower
visibility to zero. Early moming fog and damp hazc
form after a heavy nocturna! rainshower in the Darfur
Highlands, the Sudd, and tropical forests of Southern
Chad, but dissipate quickly afier sunrise. Bases are
800-1,200 feet (245 to 365 meters); thickness rarely
exceeds 200 feet (60 meters).

Frequency of visibilities below 3 miles is less than 4%
during any month of the wel season except at Khartoum,
there, the frequency can be as high as 11% because
Khartoum is located near the confluence of the Blue and
White Nile, where there are vast amounts of fine, silty
soil and moisture. Squall lines in July and August

produce some blowing dust, but visibilities below 3
miles rarely last tor more than an hour. Low visibilities
at all other stations are attributed to heavy rain and
blowing dust.
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Figure 7-17. Mean Wet Season Frequencies of Visibilities Below 3 Miles, Southern Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
WET SEASON

WINDS. Wet-season  mean surface  winds  are
southwesterly at 4 1o 10 knots, Wiwvds above 15 knots
result from squail lines and heavy isolated convection;
gusts can be greater than 40 knots.

Mean low- and mid-leve! wind directions (Figure 7-5
a-¢) illustraic the persistence of southwesterlies with the
The

Monsoon Trough at 5,000 feet (1,520 meters).

Wind Speed i Knols
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June-September

15,000-foot  (4,570-meter) prevailing wind direction
approximatcs that of the MTEJ; wind speed in the MTEJ
averages 10 knots, but occasionally exceeds 40 knots.

Winds at 30,000 feet (9 km), as shown in Figure 7-6,
are consistently easierly from 16 to 24 knots duc 1o the
effects of the Tropical Easterly Jet.

Khartoum
C-

r

Figure 7-18. July Surface Wind Roses, Southern Chad and Sudan.

PRECIPITATION. Wet season precipitation is the
result of persisteni southerly flow south of the Monsoon
Trough. When the Trough migrates to its northernmost
position in August, equatorial moisture (up to 700 mb)
advances northward. The MTEJ, located between 13°
and 15° N, generates the mid-level insiability necessary
for hcavy convection; as a conscquence, July and
August have the highest mean precipitation totals of the
year--sce Figure 7-19. The rapid southward migration of
the Monscon Trough in late September produces a drop
in precipitation in the region’s northern half.

Inswability along the MTE! and good conveclive
outiflow bhencath the Tropical Easterly Jet produce
sigr ‘ficant shower and thunderstorm clusters from 200 to
300 NM south of the surface Trough. Thunderstorms arc
common--sec Figure 7-20. Most stations have a
precipitation maximum in August, the result of diurnal
and decp convection.

Orographic uplift of moist southerly low-lcvel flow in
the Darfur and Ethiopian Highlands produces variable
amounts of scattered late afternoon and evening
thundershowers that arc irregularly distributed downwind
of maximum cloud development. In the Darfur
Highlands, Tropical Squal! Lines and Easterly Waves
proliferate along the MTEJ from July to September.

Late aftemoon orographic convection turns into
Tropical Squall Lines and convective cloud clusters that
move slowly westward into east-central Chad by 180C
LST. As a result, locations immediately west of the
Darfur Highlands show a late afternoon or early evening
precipitation maximum. Isolated convection dissipatcs
within a 50-NM radius of its origin, but Tropical Squall
Lines continuing wesiward ‘nto central and eastern Chad
cause a nocturnal precipitation maximum between 2000
and 0600 LST.
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Easterly Waves develop over east-central Sudan every
2 10 5 days by early July. Orographic uplift along the
Ethiopian  Highlands creates  thunderstorms — and
rainshowers similar in distribution to those developing in
the Darfur Highlands. They are aligned north to south
and move westward between 36° E and 30° E. Isolated
cumudonimbus cells account for 30% of total wet-season

June-September

rainfall east of El Fasher and north of 11° N. Light,
continuous rainshowers occur with thunderstorm blow-
off. Signilicant rainfalls (accounting for 60 o 70% of
the wet season total) are associated with diurnally
generated convective ceils intensifying within Easterly
Waves or independently organized squall lines.
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Figure 7-19. Mean Wet Season Monthly/Maximum 24-hour Precipitation, Southern Chad and Sudan.

Isohyels represent mean scasonal rainfall totals.
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Figure 7-20. Mean Wet-Season Thunderstorm Days, Southern Chad and Sudan.
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SOUTHERN CHAD AND SUDAN
WET SEASON June-September

TEMPERATURE. Wet season mecan daily highs are  <C), while July through Sep:cmber means are 86° 1o 101°
highest in early June before deep equatorial moisture  F (30° to 38° C). Record highs in early June include
produces persistent mid- and upper-level clouds. Heavy  101° F (38° C) at Juba and 118° F (48° C) at Khartoum.
convection and cloud cover cause July and August mean  Mean daily lows range from 68° F (20° C) at Juba in
daily highs to be the lowest of the year--see Figure 7-21.  August to 79° F (26° C) at Khartoum in June. Record
june temperatures range from 91° to 109° F (33° 1043°  lows range from 55° t0 62° F (13° 1017° Q).
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Figure 7-21. Mean Wet-Season Daily Maximum/Minimum Temperatures (F), Southern Chad and Sadan.




SOUTHERN CHAD AND SUDAN
WET-TO-DRY SEASON TRANSITION

GENERAL WEATHER. The wet-to-dry transition is
very short due to the rapid southward movement of the
Monsoon Trough, during which mT air is replaced with
¢T. In October, the Trough's mean position lics across
thc region’s southern third.  Stations to its south get
deep, low-level equatorial moistere to fuel heavy
convection concentrated south of 5° N,

The Subtropical Ridge migrates south to about 15° N
in October, bringing the mid- and upper-level westerlies
to the region’s northern edge. The Mid-Tropospheric

October

Easterly Jet (MTEJ) and the Tropical Easterly Jet (TEJ)
are weakened. Fair weather is re-established with little
rainfall and northeasterly surface flow by mid- to late
October north of 7° N.

SKY COVER. North of the Monsoon Trough, the ¢T
airmass is dry Saharan air with little moisture below
10,000 feet (3,050 meters) MSL. The drier air leads to a
north to south increase in mean October cloudiness
perceniages (Figure 7-22),
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Figure 7-22 Meaun Wet-to-Dry Transition Cicudiness
(915 meters), Svuthern Chad and Sudan.

The cloud types reporied near the weak TEJ core and
north of the Monsoon Trough in ¢T air are generally
cirrus and altocumulus. Cirrus several hundre<} fued thick
is common above 20,000 feet (6 km) MSL, while
altocumulus ranges from 10,000 to 18,000 feet (3,050 to
5,485 melers) MSL. with tops betweer: 12,000 and 20,000
feet (3,660 and 6100 melers) MSL.

Many cloud types may develop in the mT air south of
the Monsoon Trough. Cirrus  blow-off  from
cumulonimbus 1,000 to 2,000 fect (305 o 610 meters)
thick with tops as high as 60,000 teet (18 km) MSL is
common. Altocumulvs forming along the Intertropical
Discontinuity (ITD) in mT air has bases between 15,000

(Isolines) and Frequencies of Ceilings Below 3,009 Feet

o 25,000 feer (4,570 t> 7,620 meters) MSL with tops
ranging 17,000 to 27,000 feet (5,180 to 8,230 meters)
MSL. In early October, altostratus may occur behind
squall lines with bases between 8,000 and 12,000 feet
(2,440 10 3,600 ieters) with tops between 15,000 and
20,000 feet (4,570 to 6,100 meters) MSL. Squali-linc
stratocumulus is 1,000 (o0 2,000 feet (305 o 610 meters)
thick, with bases at 2,000 to 6,000 feet (€10 to 1,830
meters). Fair-weather cumulus bases are from 4,000 «©©
8,000 feet (1,220 io 2,440 meters), tops 2,000 feet (610
meters). Cumulonimbus and towering cumulus bases are
similar to fair-weather cumulus, but tops ran reach
60,000 feet (18 km).
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WET-TO-DRY SEASON TRANSITION

Ceiling lrequency distributions below 3,000 fect (915
meters) are small; most low-ceiling reports are the result
of uststorms.  Skics are obscured when the surface
pressure gradients tighten cither north or south of the
Monxoon Trough or with intense timnderstorm outfiow
boundarics. Ceilings range from 200 to 1,000 feet (60 10
305 meters). Monsoon Trough moisture causes slightly
higher  low-ceiling  frequencics at Wau, Juba, and
Moundou. Cumulus and cumulonimbus ccilings range
from 1,200 1o 2,500 feet (365 to 760 meters).

VISIBILITY. Frequencies of visibilitics below 3 miles
in the south are lower than in the north because surface
soil there is still moist from Monsoon Trough rainfall,
High daytime temperatures and decrcased rainfall north
of the Trough result in drier soil after carly October.

October

Visibilitics below 3 miles are intrequent, caused
mainly by precipitation and fog. Isolated thundersiorms
in carly October can produce hcavy showers and reduce
visibility o ncar zero for short periods.  Duststorms are
scarce, but an abrormally dry October inereases  (he
possibility.

North of the Monsoon Trough, dry Saharan air
dominates and rapidly dries the surface.  Visibilities are
good except with wind speeds greater than 10 knots,
which cause an increase in dust alolt (Harmauan Hazc).

October’s low-visibility frequencies arce less than 12%
(Figurc 7-23).  Slight increases at N’Djamcna and
Khartoum arc causcd by morc suspended dust, a
by-product of the fall harvest.
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Figure 7-23. Mean Wet-to-Dry Transition Frequencies : € Visibilities Below 3 Miles, Southern Chad and

Sudan.

WINDS. Prevailing winds shilt o northerly as the
Munsoon Trough moves southward, but they vary with
the Trougi's oscillations, Wind direction at N'Djamena
is controfled by a lake-breeze circulation ol Lake Chad.
Speaeds average 7 knots.

Winds aloft (Figures 7-5 a-¢} are casterly o
northeasterly.  The easlerlics indicatc the MTEJ’s
pasistence through October, while the northcasierlics
reflect the dry Saharan flow on the north side of the
Monsoon Trough.




SOUTHERN CHAD AND SUDAN
WET-TO-DRY SEASON TRANSITION
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Figure 7-24. October Surface Wind Roses, Southern Chad and Sudan.

PRECIPITATION. Mean transition rainfall (Figure
7-25) is a function of Monsoon Trough position. By late
October, the surface Trough is ncar 6° N over Sudan,
Southern locations in Chad and Sudan, where showers
and thundershowers prevail, average at least 3 inches (76
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mm)--see Figure 7-26. Stations north of 10° N average
less than 2 inches (51 mm). Most rain falls in very ear!v
October with isolated convection associated with a
weakened MTEJ and the rapidly southward-moving
surface Monsoon Trough.

Figure 7-25. Mean Wet-to-Dry Transition Monthly/Maximum 24-hour Precipitation, Southern Chad and

Sudan. Isohyets represent mean seasonal rainfall totals.
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SOUTHERN CHAD AND SUDAN

WET-TO-DRY SEASON TRANSITION October
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Figure 7-26. Mean Wet-to-Dry Transition Thunderstorm Days, Southern Chad and Sudan.

TEMPERATURE. Mean daily highs (Figure 7-27) temperatures lower, Record highs include 100° F (38°
range from 90° to 106° F (32° t0 41° C). The higher  C) at Moundou and 113° F (45° C) at Khartoum, Mecan
temperatures in the north result from the quick southward  daily lows range from 64° to 76° F (18° 1o 24° C).
migration of the Monsoon Trough, clear skies, and rapid  Record lows range from 51° 10 62° F (11° to 17° C).
surface heating. South of the Trough, cloud cover keeps
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Figure 7-27. Mean Wet-to-Dry Transition Daily Maximum/Minimum Temperatures (F), Southern Chad and
Sudan.
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